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TÍTULO DE LA TESIS: Efectividad y eficiencia de la terapia biológica en artritis reumatoide en la práctica
clínica habitual
DOCTORANDO/A: Don Manuel Jesús Cárdenas Aranzana
INFORME RAZONADO DEL/DE LOS DIRECTOR/ES DE LA TESIS
(se hará mención a la evolución y desarrollo de la tesis, así como a trabajos y publicaciones derivados de la
misma).
D. Manuel  Jesús Cárdenas Aranzana presenta un trabajo original en el que se han analizado en profundidad
los resultados obtenidos con diferentes regímenes de dosificación/optimización de terapias biológicas en
los  pacientes  con  artritis  reumatoide  incluidos  en  la  cohorte  CREATE  incluyendo  el  análisis
farmacoeconómico de los mismos resultados.
Los trabajos conducentes a esta Tesis Doctoral son un ejemplo de lo que se puede conseguir mediante la
colaboración y sinergia de dos especialidades hospitalarias: Reumatología y Farmacia.
Los  resultados  obtenidos  en  este  trabajo  han sido publicados  en  tres  artículos,  en  una  misma revista
científica  de  reconocido  prestigio  internacional  en  el  campo  de  la  investigación  en  Reumatología:
Rheumatology International Q3 y será defendidos en el sistema de Tesis por compendio de artículos, ya
que estos artículos constituye una misma unidad temática de objetivos y resultados progresivos.
La tesis doctoral presentada se enmarca dentro de del proyecto de investigación de la Consejería de Salud
de  la  Junta  de  Andalucía:  APLICABILIDAD  CLINICA  DE  UN  PROTOCOLO  DE  DISMINUCION  DE  DOSIS
ESTANDARIZADO  EN  PACIENTES  EN  REMISION  CLINICA  PERSISTENTE  DIAGNOSTICADOS  DE  ARTRITIS
REUMATOIDE Y TRATADOS CON ANTAGONISTAS DE TNF, cuya IP es la Codirectora de la Tesis Profesora PILAR
FONT UGALDE . 
Finalmente,  cabe  destacar  la  formación  técnica  y  científica  alcanzada  por  el  doctorando  que  ha  sido
excelente.
El desarrollo de la tesis le ha permitido adquirir conocimientos teóricos y metodológicos que lo capacitan
para  desarrollar  nuevas  hipótesis  y  participar  activamente  en  la  redacción  y  coordinación  de  nuevos
artículos científicos y proyectos de investigación.
Córdoba,  8 de Junio de 2017
Firma del/de los director/es
Fdo.: Eduardo Collantes Estévez                                                 Fdo.: Pilar Font Ugalde 
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La Artritis Reumatoide (AR) es una enfermedad inflamatoria, sistémica, de etiología desconocida, que se
caracteriza por dolor, inflamación crónica de múltiples articulaciones y vainas tendinosas de la membrana
sinovial, destrucción articular, con deterioro progresivo. Aunque la sinovial es el foco principal de la lesión,
en  la  AR  se  producen cambios  sistémicos responsables  de  las  manifestaciones  extra  articulares,  como
vasculitis,  glomerulonefritis,  pericarditis,  pleuritis,  escleritis,  siendo  los  nódulos  reumatoides  la
manifestación  extra  articular  más  frecuente.  Además,  los  pacientes  que  padecen  AR  pueden  sufrir
comorbilidades  (enfermedad  cardiovascular,  infecciones,  neoplasias,  osteoporosis  y  enfermedad
gastrointestinal) con mayor frecuencia que la población general [1]. 
En España, según datos del  estudio sobre prevalencia  de las enfermedades reumáticas en la población
española, EPISER, llevado a cabo entre 1998 y 1999, se estima que afecta al 0.5% de la población en España
mayor de 20 años [2]. Es más frecuente en mujeres, en una proporción aproximada de 3:1 y, aunque puede
ocurrir a cualquier edad, tiene un pico de incidencia entre los 40 y los 60 años.
Se  sabe  que  la  tendencia  al  desarrollo  de  AR  puede  ser  heredada  genéticamente.  Se  trata  de  una
enfermedad  heterogénea  y  está  influenciada  por  variaciones  en  factores  ambientales  y  por  las
características genéticas del individuo. 
Distintos estudios han puesto de manifiesto una disminución de la esperanza de vida y un aumento de la
mortalidad estandarizada en pacientes con AR, a pesar de los avances en el manejo de la enfermedad, y se
ha establecido un acortamiento de la esperanza de vida de entre 5 y 10 años [3]. Por lo tanto son pacientes
con un deterioro funcional, disminución de la calidad de vida y una mortalidad prematura [4-6].
En consecuencia,  el  objetivo del  tratamiento de la AR comprende controlar  del  dolor  y la  inflamación,
reducir  al  máximo  el  daño  articular  y  la  discapacidad,  controlar  las  manifestaciones  extra  articulares,
mejorar la calidad de vida de los pacientes y alcanzar la remisión de la enfermedad, o al menos lograr una
baja actividad clínica sostenida [7,8].
El  tratamiento de  la  AR ha  experimentado avances muy importantes  durante las  dos últimas décadas,
debido en gran medida a dos circunstancias principales: 
1) El desarrollo de terapias biológicas (TB) como tratamientos alternativos a los fármacos inductores de
remisión  o  modificadores  de  la  enfermedad  clásicos  o  sintéticos  (DMARDs,  o  disease  modifying
antirheumatic  drugs.  Actualmente  en  España  se  disponen  de  8  fármacos  biológicos  con  distintos
mecanismos  de  acción:  infliximab,  etanercept,  adalimumab,  golimumab  y  certolizumab  pegol  como
bloqueantes del factor de necrosis tumoral alfa (antiTNF), rituximab como antiCD20, abatacept a nivel del
linfocito T y tocilizumab como anti-interleukina 6. Todos estos fármacos han demostrado eficacia [9-18] y un
perfil de efectos adversos que obliga a una estrecha monitorización.
Organismos  como  el  Servicio  Andaluz  de  Salud  (SAS)  y  sociedades  científicas  han  elaborado  guías  de
consenso  para  el  tratamiento  en  los  pacientes  con  AR  [19,20],  con  el  objetivo  de  establecer
recomendaciones para el manejo de los pacientes con AR, centrado en el papel de los DMARDs sintéticos y
biológicos disponibles.  La  ausencia de estudios  comparativos  directos  entre  los tratamientos biológicos
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dificulta la elección sobre qué fármaco que debe emplearse como terapia de inicio preferente por ser más
eficaz, seguro o eficiente que el otro [7,21],
 2) El desarrollo de una estrategia terapéutica más ambiciosa para conseguir la remisión de la enfermedad. 
Actualmente existe una fuerte corriente que aboga por abordar el  tratamiento de la AR mediante una
estrategia de tratamiento basada en tratar por objetivos (treat to target, T2T). Los puntos clave del T2T
suponen establecer objetivos concretos, seguimiento estrecho de los pacientes, monitorizar la actividad de
la enfermedad y ajustar el tratamiento de acuerdo a protocolos establecidos [22,23]. Ensayos clínicos y
estudios observacionales han demostrado que esta estrategia es más eficaz que un abordaje estándar para
reducir la actividad de la enfermedad y en última instancia, lo más eficaz supondría plantear esta estrategia
con el objetivo de alcanzar remisión clínica [23-25]. Esto supone una inversión adicional de recursos, pero se
ha demostrado que puede resultar una medida costo-efectiva a partir del tercer año, frente a mantener una
estrategia de tratamiento y revisión usual,  cuando se aplica a pacientes con AR de inicio [26].
En  pacientes con AR establecida y persistente tras el tratamiento con al menos dos fármacos modificadores
de la enfermedad clásicos (DMARDs) y un valor de DAS28>5.1,  se recomienda el uso de terapia biológica
[27]. Sin embargo, debido a la ausencia de suficiente evidencia clínica, en esta población de pacientes no se
han establecido acuerdos para puntos esenciales que implican al T2T, como son el tratamiento intensivo con
terapia  biológica o si  el  objetivo debe ser alcanzar remisión clínica,  baja actividad de la enfermedad o
control de la enfermedad. 
Los datos disponibles de registros de tratamientos con fármacos biológicos en AR muestran que se alcanza
la remisión clínica en el 19-39% de los pacientes [28-29]. Pese a los datos de eficacia y efectividad, las TB no
están  exentas  de  riesgos  y  potenciales  efectos  adversos,  suponiendo  además  un  elevado  coste.  Estos
hechos han llevado a cuestionar qué hacer con las TB una vez el paciente ha conseguido entrar en remisión
de forma sostenida en el tiempo [30].
Se dispone de ensayos clínicos y estudios en los que se ha observado que la discontinuación del tratamiento
en pacientes con AR precoz presenta una tasa de recaídas de entre el 40 y el 75% [31-37]. Alternativamente,
para  pacientes  con  AR  establecida,  se  ha  planteado  una  reducción  de  dosis  como  posible  estrategia
eficiente de manejo [31, 38-39].
En esta línea, las Sociedades Españolas de Reumatología Clínica y Farmacia Hospitalaria han elaborado un
documento  de  consenso  con recomendaciones  de  manejo  de  pacientes  en  remisión  clínica  [40].  Este
documento establece como posible una reducción de dosis de entre un 20-50% en pacientes con AR que
alcanzan y mantienen su objetivo terapéutico durante más de seis meses. Además propone estrategias de
manejo en el caso de recaídas, todo ello con el objetivo de disminuir la variabilidad clínica.
En resumen, el uso de estos fármacos biológicos ha supuesto un gran avance para el tratamiento de la AR,
pero tiene un elevado impacto económico debido al coste  per se de estos tratamientos y también a su
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carácter  crónico  [41-42].  Existen  trabajos  que  describen  el  uso  de  fármacos  biológicos  como  una
intervención coste-efectiva en diferentes escenarios [43],  pero no determinan que fármaco resulta más
eficiente, siendo  necesario la incorporación de aspectos económicos en la realización de guías de práctica
clínica [44]. 
De esta forma se están promoviendo la realización de estudios que avalen la relación coste-efectividad de
los medicamentos biológicos en la práctica clínica habitual, al margen del conocimiento aportado por los
ensayos clínicos  disponibles  [45],  ya  que éstos  solamente representan a  una parte  de la  población en
general y no incluyen datos de coste ajustados a los recursos reales disponibles [46-48].
Por tanto, en general y aún más en el  actual  contexto de crisis  y ajuste presupuestario de recursos en
sanidad, se necesita conocer qué terapia y qué estrategia de tratamiento resulta más eficiente en la práctica
clínica  habitual,  desde  el  punto  de  vista  hospitalario.  De esta  forma se  podrán  optimizar  los  recursos
disponibles para conseguir los mejores resultados en salud posibles en nuestros pacientes.
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La hipótesis general del trabajo de investigación desarrollado es la siguiente: la eficiencia de las terapias
biológicas y de la estrategia de tratar por objetivos a pacientes con artritis reumatoide establecida depende
del fármaco administrado y del resultado clínico perseguido.
El  objetivo  principal  fue  comparar  el  coste-efectividad de  los  fármacos   antiTNF-alfa  empleados  como
terapia biológica de inicio (infliximab, etanercept o adalimumab), con un horizonte temporal de dos años,
empleando la perspectiva del sistema sanitario.
Este objetivo se aborda en la primera de las publicaciones, junto con los siguientes objetivos operativos:
contrastar  la  supervivencia  de  cada  fármaco  antiTNF-alfa  e  identificar  posibles  factores  pronósticos  de
respuesta.
Los objetivos secundarios fueron los siguientes:
-Analizar  la efectividad y el coste-efectividad en la práctica clínica real de la estrategia T2T para conseguir
remisión clínica en pacientes con AR establecida, tras dos años de tratamiento con TB.  Este objetivo se
aborda en la segunda de las publicaciones que se presentan.
-Evaluar la efectividad y la eficiencia en la práctica clínica habitual de la reducción de dosis en pacientes con
AR en remisión clínica sostenida e identificar  variables predictivas de respuesta a la optimización. Este




El  primer  artículo  del  trabajo  de  investigación  se  publicó  en  Febrero  de  2016  en  Rheumatology
International.  En este estudio se analizó la cohorte de pacientes con AR que comenzó tratamiento con
infliximab, etanercept o adalimumab entre 2007 y 2012 en el Hospital Universitario Reina Sofía de Córdoba.
El objetivo principal del estudio era comparar el coste efectividad de estos tres fármacos, considerando
alcanzar remisión clínica (DAS28<2,6) ,  un horizonte temporal de dos años y empleando como perspectiva
el sistema sanitario, por lo que se tuvieron en cuenta  todos los posibles costes directos sanitarios. 
Se llevaron a cabo además varios análisis de sensibilidad  considerando por un lado el resultado de alcanzar
baja actividad de la enfermedad y teniendo en cuenta por otro sólo el coste de adquisición directa del
fármaco. Así resultaron diversos posible escenarios.
Se  incluyeron 130  pacientes,  de  los  que  55  se  trataron  con infliximab,  44  con adalimumab y  31  con
etanercept, sin diferencias en las caraterísticas clínicas y demográficas basales. 
Al  cabo  de  dos  años,  el  porcentaje  de  pacientes  que  lograro  remisión  clínica  no  fue  diferente  entre
adalimumab e infliximab, siendo superior adalimumab  a etanercept. 
Considerando  los  costes  directos  sanitarios,  adalimumab  resultó  ser  más  eficiente  que  infliximab  y
etanercept en alcanzar remisión clínica. Este resultado y las diferencias entre cada uno de los fármacos se
repite prácticamente en los distintos escenarios y análisis de efectividad y de coste efectividad planteados,
con ligeros cambios en algún caso.
Se encontró que el coste de adquisión del fármaco era el componente de mayor peso en los costes directos
sanitarios.
Como conclusiones de este primer trabajo, adalimumab, en condiciones de práctica clínica habitual, resultó
ser más eficiente que adalimumab y etanercept para alcanzar remisión clínica. Sin embargo, y dado que el
coste de adquisición del fármaco resulta determinante, cambios relevantes en el mismo podrían modificar




Biological drugs have proven efficacy and effectiveness in treatment of rheumatoid arthritis (RA), although
none has been shown to be superior. Few studies have evaluated the cost-effectiveness of biological drugs
in  real-life  clinical  conditions.  The  objective  of  this  study  was  to  compare  the  cost-effectiveness  of
infliximab, etanercept and adalimumab in achieving clinical remission (DAS28 < 2.6) when used as initial
biological therapy. 
Methods
Patients were diagnosed with RA who began treatment with infliximab, etanercept or adalimumab in the
Reina Sofia Hospital (Cordoba, Spain) between January 1, 2007, and December 31, 2012. Effectiveness was
measured as the percentage of patients who achieved clinical remission after 2 years. The cost analysis
considered the use of direct health resources (perspective of the healthcare system). Cost-effectiveness was
calculated by dividing the total mean cost of each treatment by the percentage of patients who achieved
remission. 
Results
One hundred and  thirty  patients  were included:  55 with  infliximab,  44 with  adalimumab and 31 with
etanercept. After 2 years, 45.2 % of patients with adalimumab achieved clinical remission, versus 29.1 %
with infliximab (p = 0.133) and 22.7 % with etanercept (p = 0.040), with no differences between etanercept
and  infliximab  (p  =  0.475).  The  average  total  cost  at  2  years  was  €29,858,  €25,329  and  €23,309  for
adalimumab, infliximab and etanercept, respectively, while the mean cost (95 %CI) to achieve remission was
€66,057  (48,038–84,076),  €87,040  (78,496–95,584)  and  €102,683  (94,559–110,807),  respectively.
Adalimumab was more efficient than etanercept (p < 0.001) and infliximab (p = 0.026), with no differences
between etanercept and infliximab (p = 0.086). 
Conclusion
Adalimumab  was  the  most  cost-effective  treatment  in  achieving  clinical  remission  in  real-life  clinical
conditions in RA patients during the study period.
Keywords 
Rheumatoid arthritis · Biological drugs ·Cost-effectiveness · Real-life clinical conditions
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1  Introduction 
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by pain, chronic inflammation,
and  joint  destruction.  In  most  cases  the  course  is  progressive  and  leads  to  irreversible  joint  damage,
resulting in functional impairment, reduced quality of life and premature mortality [1-3]. Recently, however,
the development of biological therapy has been an important advance in the treatment of this disease,
which is helping to change its prognosis. 
The goal of RA treatment is to control pain and inflammation, minimize joint damage and disability, control
extra-articular manifestations, improve patients’ quality of life, and achieve disease remission or at least
sustained low clinical activity [4,5].
Eight biological  drugs,  with different mechanisms of action, are currently available in Spain:  infliximab,
etanercept, adalimumab, golimumab and certolizumab pegol, which are blockers of tumor necrosis factor
alpha  (anti-TNF);  rituximab,  an  anti-CD20  monoclonal  antibody;  abatacept,  a  T-cell  co-stimulation
modulator; and tocilizumab, an interleukin-6 receptor inhibitor. All these drugs have proven efficacy [6-15],
as well as an adverse effect profile that requires they be closely monitored, resulting in a major economic
impact on the healthcare system.
Although the Andalusian  Health Service  has a  protocol  establishing the clinical  criteria for initiation of
biological therapy [16], and despite recommendations of the Spanish Society of Rheumatology (SER) and
the European League Against Rheumatic Diseases (EULAR) [4,5] establishing the importance of adjusting
treatment until remission is achieved, there is no evidence on the preferred drug for initial therapy given
the lack of comparative studies to evaluate whether one is  more efficacious,  safe or efficient than the
others [4,17]. This situation persists despite the major economic impact of these drugs [18,19] and the fact
that it  is  now considered necessary  to incorporate economic  aspects  when developing clinical  practice
guidelines [20].
Some  studies  have  described  the  use  of  biological  drugs  as  a  cost-effective  intervention  in  different
scenarios [21], but they do not show which drug is most efficient. Studies are also needed on the cost-
effectiveness ratio of biological medications, given that clinical trials [22] represent only part of the general
population and do not include cost data adjusted to the actual resources available [23-25].
Given the current economic crisis and the need to adjust healthcare budgets, it is desirable to know which
initial therapy is most efficient in clinical practice from the hospital point of view, in order to select the drug
that can best fit the available budget while achieving the best possible health outcomes.
The main objective of this study was to compare the cost-effectiveness of three anti-TNF-alpha drugs used
as  initial  biological  therapy  (infliximab,  etanercept  or  adalimumab)  over  a  2-year  period,  from  the
perspective of the healthcare system. Secondary objectives were to compare drug survival (median time to
treatment change), perform a multivariate analysis to identify possible predictive variables of response and,
finally, to describe the main adverse effects registered. 
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2  Methods 
2.1 Patients 
The data for this study were taken from the registry of the multidisciplinary Team for Rheumatoid Arthritis
in  the  Reina  Sofia  University  Hospital,  Córdoba,  Spain  (CREATE  Registry).  The  CREATE  registry   is  a
prospective database that systematically includes each patient with inflammatory rheumatoid disease who
begins treatment with biological therapy. For each patient diagnosed with RA, information is collected on
demographics, disease characteristics, previous treatments used, their duration and reason for suspension,
current treatment and its  duration, data on disease activity [number of tender joints (NTJ),  number of
swollen joints (NSJ), erythrocyte sedimentation rate (ESR), C-reactive protein (PCR) and the Disease Activity
Score  (DAS28)],  patient  data  that  could  influence  treatment,  biological  drug  chosen,  and  concomitant
treatment. Each patient is  followed up prospectively to monitor the clinical  variables collected and any
adverse effects that may occur.
From  this  registry  we  selected  all  patients  diagnosed  with  RA  who  began  biological  treatment  with
infliximab, etanercept or adalimumab in our hospital between January 1, 2007 and December 31, 2012,
with 2 years’ follow-up per patient. The study was limited to this subgroup because these are the three
drugs most frequently used as initial therapy in the CREATE registry, and are the only ones for which we had
2 years’ follow-up data after treatment initiation.
RA  is  diagnosed  in  accordance  with  the  1987  ACR  criteria,  based  on  the  medical  history,  physical
examination,   complementary tests (blood count, biochemistry, presence of antibodies), chest and joint
radiography, and clinical assessment of disease activity using the DAS28. 
All patients had to follow the Andalusian Health Service treatment protocol for biological therapies, based
on the SER [5] and EULAR [4] recommendations. To begin biological treatment, patients had to have active
RA despite  treatment  for  at  least  3 months with at  least two of the following  drugs at  the maximum
authorized doses: methotrexate, leflunomide or sulfasalazine. The initial biological treatment is selected
based on the characteristics of each patient and drug, as well as the cost of each drug to the hospital. In the
absence of any limiting constraints (inability to attend the day hospital or to self-administer treatment, or
presence of intestinal inflammatory disease for which biological treatment with infliximab is indicated), the
lowest cost drug was used.
2.2  Effectiveness
The effectiveness of treatment in actual practice was evaluated by the DAS28 [26]. A value lower than 2.6
was considered clinical remission (CR), and less than 3.2 was considered a low disease activity state (LDAS).
The percentage of patients who achieved CR and LDAS was determined.
In addition to the DAS28, we evaluated its components separately: NTJ, NSJ, ESR, CRP, and patient global
assessment (PGA) on a visual analog scale.
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Data were collected on patients’ sociodemographic characteristics (age and sex), date of disease diagnosis,
and clinical data including rheumatoid factor (RF+/-) and previous and concomitant treatments with disease
modifying antirheumatic drugs (DMARDs). The demographic and clinical data on patients were obtained
mainly from the CREATE registry and also from the database of the Andalusian Health Service.
2.3  Analysis of Resources and Costs
Two  scenarios  were  considered.  Scenario  1: The  cost  analysis  was  made  from  the  perspective  of  the
healthcare system, taking into consideration use of the following direct health resources: cost of purchasing
the drug [ex-factory price (EFP)], consultations with specialists in rheumatology, use of emergency services,
complementary tests performed, need for hospitalization, and use of the day hospital for intravenous drug
administration. The use of resources includes consideration of the healthcare derived from the RA process
as well as any adverse effects that may have occurred. Scenario 2: In this analysis, the only costs taken into
account were the EFP costs. 
Data on drug use were obtained from the databases of the Hospital Pharmacy Department. In the case of
infliximab, which is  dosed by weight,  the cost  was adjusted to the milligrams actually  employed since
individual  doses  are  prepared  in  the  Pharmacy  Department,  avoiding  drug  wastage.  The  remaining
resources consumed were obtained from the database of the reports manager of the Reina Sofia Hospital
and from the Andalusian Health Service database for patients diagnosed with RA and treated with biological
agents. 
The cost  of  each drug was obtained using the official  EFP,  and the costs  of  the other  resources  were
obtained from the price catalog of the Economics Directorate of the Reina Sofia Hospital (2014, in euros).
Periodically,  the Hospital  Pharmacy Department negotiates with laboratories discounts on the purchase
price of these biologicals. In the absence of any clinical criteria or patient characteristic affecting the choice
of anti-TNF (intestinal disease, impossibility of going to the day hospital, etc.), the drug with the lowest cost
of acquisition for the hospital was chosen. This situation encouraged competition among laboratories in
sales  price  and discounts  to  the hospital  on the direct  market  cost  of these drugs.  An additional  cost
calculation was performed for scenario 2, using the negotiated purchase price of the drugs in the hospital,
to quantify the savings achieved with this negotiation compared to the EFP.
2.4  Cost-Effectiveness 
The cost-effectiveness of each drug was calculated by dividing the average total cost of each treatment by
the percentage of patients who achieved CR. This value shows the cost per patient reaching CR with each
drug and can identify the most efficient one in actual clinical practice for decision making.
The same analysis was also repeated for the effectiveness outcome “achieving LDAS” and considering as
costs only the official purchase price of the drugs dispensed.
34
2.5 Statistical Analysis 
A descriptive study was conducted, calculating the mean and standard deviation for quantitative variables,
and absolute and relative frequencies for qualitative variables. An intention-to-treat analysis was made for
each treatment branch.
The bivariate analysis of qualitative variables was made using the chi-square test or Fisher’s test for 2x2
tables with any expected frequency less than 5. Quantitative variables were compared using Student’s t-test
for independent data, simple ANOVA test, and one-way ANOVA. Levene’s test was used previously to test
the  homogeneity  of  variances  and,  depending  on  the  results  of  this  test,  post-hoc  comparisons  were
conducted using the Hochberg or Games-Howell tests. For data that were not normally distributed, we used
the Mann-Whitney U test or the Kruskal-Wallis H test.
All  comparisons  were  two-sided  and  were  considered significant  for  values  of  p<0.05.  The  data  were
processed, tabulated and analyzed using SPSS v17 software. 
Using the Kaplan-Meier Survival Analysis procedure, we examined the distribution of time to effect for the
three different medications. The comparison tests showed there was no statistically significant difference
among them.
We built a multiple logistic regression (MLR) model to identify the baseline clinical factors predictive of
remission. We previously conducted univariate logistic  regressions to establish the association between
each of the potentially predictive variables and CR.  The degree of association was estimated by the odds
ratio  (OR)  and  Cornfield´s  95%  confidence  interval.  The  variables  that  showed  an  association  in  the
univariate analysis at p<0.25 (age in years, age at diagnosis, rheumatoid factor, NSJ at baseline, baseline
DAS28, baseline ESR (mm/1h) and baseline CRP (mg/dL)) were introduced in the MLR model. Based on the
Wald statistic, variables with p>=0.15 were eliminated one by one from the model (backward selection
procedure). The scale of continuous variables was assessed by the Box-Tidwell test. Possible interactions
between the variables were studied based on whether there was a significant change in the log-likelihood
value after  introducing the interaction in  the model.  Variables  with p>0.05 were evaluated as  possible
confounding factors. Cooks’ distance was used as the diagnostic test for outliers. The Hosmer-Lemeshow
statistic was used to assess the goodness of fit.
The study was approved by the Ethical Committee of the Reina Sofia University Hospital.
3  Results
Between January 1, 2007 and December 31, 2012, a total of 130 patients in the CREATE registry who began
treatment with biological therapy for the first time, were included in the study: 55 with infliximab, 44 with
etanercept, and 31 with adalimumab. Baseline patient characteristics are shown in Table 1. No statistically
significant  differences  were  found  between  persons  in  the  groups  taking  infliximab,  etanercept  or
adalimumab.
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Sex (female) 82.3% 80% 81.81% 87.09% NS
RF + 75.4 % 69.1% 79.5% 80.6% NS
Age (years) 53.0 ± 13.6 51.5 ±12.7 55.1 ± 14.0 52.9 ± 14.7 NS
Weight (kg) 74.6 ± 15.8 74.8 ± 15.9 72.3 ± 19.6 72.0 ± 18.7 NS
Age at diagnosis (years) 44.0 ± 13.7 43.3 ± 11.4 45.9 ± 16.0 42.7 ± 14.3 NS
Time since diagnosis (years) 9.0 ± 7.1 8.0 ± 6.4 9.4 ± 7.3 10.2 ± 7.9 NS
Initial DAS28 5.7 ± 1.0 5.7 ± 1.1 5.8 +1.1 5.7 ± 0.9 NS
Initial NTJ 28 10.4 ± 6.4 9.6 ±6.3 11.2 ± 6.6 10.5 ± 6.4 NS
Initial NSJ28 7.1 ± 4.9 6.9 ± 5.0 7.7 ± 5.2 6.6 ± 4.2 NS
Initial ESR 33.2 ± 17.7 33.6 ± 18.2 33.9 ± 19.4 31.5 ± 14.4 NS
Initial CRP 19.2 ± 17.7 19.3 ± 17.2 21.3 ± 21.4 16.1 ± 12.0 NS
Initial PGH  69.9 ± 16.8 71.4 ± 49.6 69.6 ± 19.2 67.8 ± 16.4 NS
Abbreviations: CRP, C-reactive protein; DAS, Disease activity score; ESR: Erythrocyte sedimentation rate; NTJ, number
of tender joints; NSJ, Number of swollen joints; NS, not significant; PGA, Patient global assessment; RF, Rheumatoid
factor.
*Data expressed as percentage or mean ± standard deviation
**Statistical significance based on Chi-square test (sex and RF) and simple ANOVA test (rest of variables) 
3.1  Effectiveness
Adalimumab was more effective than etanercept in attaining CR after 2 years, but was not significantly
different from infliximab. There were no differences between infliximab and etanercept. 
The percentage of patients who achieved LDAS at 2 years was higher with adalimumab than with 
6-infliximab, with no differences for the rest of the possible comparisons. No differences were found for any
of the secondary variables of effectiveness (Table 2).
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Table 2. Comparative effectiveness at 2 years 
Total
population
Infliximab    (I) Etanercept (E) Adalimumab (A) p**
Primary variables
% patients with DAS28 
<2.6 (CR)
30.8% 29.1% 22.7% 45.2%
A vs. E= 0.040
A vs. I= NS
E vs. I= NS
% patients with DAS28 
<3.2 (LDAS) 
56.2% 47.3% 54.5% 74.2%
A vs. E= NS
A vs. I= 0.015
E vs. I= NS
Secondary variables*
DAS28 3.3 ± 1.1 3.4 ± 1.2 3.3 ± 1.0 2.9 ± 1.1 NS
NTJ28 1.9 ± 2.7 2.1 ± 3.2 1.7 ± 2.3 1.6 ± 2.3 NS
NSJ28 1.1 ± 2.0 1.2 ± 2.2 1.0 ± 1.8 0.8 ± 1.7 NS
ESR 22.5 ± 14.8 22.4 ± 14.4 25.4 ± 16.1 18.7 ± 13.0 NS
CRP 8.2 ± 11.3 8.9 ± 12.2 8.7 ± 11.8 5.9 ± 8.9 NS
PGA 42.6 ± 23.3 44. 5 ± 22.8 45.7 ± 22.8 34.7 ± 24.1 NS
Abbreviations:CR, clinical remission; CRP, C-reactive protein; DAS, Disease activity score; ESR, Erythrocyte 
sedimentation rate; LDAS, Low disease activity state; NPJ, Number of tender joints; NSJ, Number of swollen joints; NS, 
Not significant; PGA, Patient global assessment
* mean ± standard deviation
**Statistical significance based on Chi-square test (primary variables) and simple ANOVA test (secondary variables)
3.2  Analysis of Resources and Costs 
No significant differences were found in the volume of non-drug resources used, except for a significantly
higher use of Magnetic Resonance Imaging (MRI) with adalimumab than with infliximab, and greater use of
the  day  hospital  for  infliximab  compared  with  etanercept  and  adalimumab,  due  to  its  route  of
administration (Table 3).
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Table 3. Comparison of resources used (mean number of units used per patient at 2 years ± standard deviation)
Non-drug resources* Total population Infliximab (I) Etanercept (E) Adalimumab (A) P**
Consultations 13.5 ± 3.6 14.1 ±3.5 12.8 ± 3.4 13.6 ± 4.1 NS
Rheumatology 13.2 ± 3.3 13.8 ± 3.1 12.5 ± 3.3 13.2 ± 3.7 NS
Emergency services 0.3 ± 0.6 0.3 ± 0.7 0.3 ± 0.6 0.4 ± 0.6 NS
Complementary tests 23.1 ± 10.4 23.8 ± 11.2 20.5 ± 5.5 25.3 ± 13.5 NS
Laboratory 13.6 ± 4.8 14.2 ± 4.9 12.6 ± 3.3 14.0 ± 6.1 NS
Total CT 0.3 ± 0.9 0.3 ± 0.9 0.02 ± 0.15 0.5 ± 1.3 NS
MRI 0.2 ± 0.5 0.07 ± 0.32 0.1 ± 0.3 0.6 ± 0.7
ANOVA=0.021
A vs. I= 0.019
Rest NS
Radiological tests 8.8 ± 6.6 9.0 ± 6.8 7.5 ± 5.5 10.2 ± 7.3 NS
Ultrasound scans 0.3 ± 0.5 0.3 ± 0.6 0.2 ± 0.5 0.2 ± 0.4 NS
Days of hospitalization 2.6 ± 19.1 1.6 ± 6.8 0.1 ± 0.9 8.0 ± 38.0 NS
Day hospital 6.4 ± 7.2 13.0 ± 4.3 1.5 ± 4.7 1.6 ± 4.40
ANOVA <0.001
I vs. A <0.001
I vs. E <0.001
A vs. E= NS
Abbreviations: ANOVA, Analysis of variance; CT, Computed tomography; MRI, Magnetic resonance imaging; NS, Not 
significant
* mean ± standard deviation
**  Statistical  significance  based  on  simple  ANOVA  test;  if  ANOVA  <0.05  then  the  Hochberg  test  for  multiple
comparisons was calculated.
The  same  as  with  resources,  no  significant  differences  were  found  in  the  total  cost  or  in  any  cost
components, except for a higher cost of MRI in the adalimumab arm, and of the day hospital for infliximab
(Table 4). The main cost component comes from the cost of purchasing the drugs, which averaged about
83% of the total cost.
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Table 4.  Comparative costs (€) at 2 years 
Total Population Infliximab (I) Etanercept (E) Adalimumab (A)
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3.3.1  Scenario 1: Direct Health Costs
The average cost per patient of reaching CR at 2 years of treatment, taking into account direct health costs,
was €83,522.99 (95% CI: 76,209.84–90,836.43). The most efficient drug in achieving CR was adalimumab,
which was significantly superior to both infliximab and etanercept. No differences were found between
infliximab and etanercept.
When LDAS was considered as the effectiveness outcome, the most efficient drugs were adalimumab and
etanercept, both of which were superior to infliximab, but not significantly different from each other (Table
5).

















SCENARIO 1 (All direct health costs)
Cost per patient
 in remission 









   ANOVA <0.001
   A vs. E <0.001
   A vs. I= 0.026
   I vs. E= NS 
Cost per patient










   ANOVA= 0.005
   A vs. E= NS 
   A vs. I= 0.013
   I vs. E= 0.029
SCENARIO 2 (Considering as direct costs only the EFP of acquiring the drug)
Cost per patient
 in remission 









   ANOVA <0.001
   A vs. E= <0.001
   A vs. I= <0.001












   ANOVA <0.001
   A vs. E < 0.001
   A vs. I <0.001
   I vs. E= NS
Abbreviations: ANOVA, Analysis of variance; DAS, Disease activity score; LDAS, Low disease activity state; EFP, Ex 
factory  price; NS, Not significant
*Statistical significance based on simple ANOVA test and for post-hoc tests: Hochberg test in scenario 1 and Games
Howell in scenario 2 
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3.3.2  Scenario 2: Only Drug Costs 
When cost-effectiveness was analyzed considering only the cost of purchasing the drugs as direct health
costs, adalimumab was again statistically more efficient in achieving CR than either etanercept or infliximab,
while infliximab was in turn more cost-effective than etanercept.
Considering LDAS as the effectiveness outcome, adalimumab was the most efficient of the three agents,
with no differences between infliximab and etanercept (Table 5).
3.4  Savings to the Public Health System 
The price negotiations between the Hospital Pharmacy Department and the drug manufacturers resulted in
a savings to the public health system (in relation to the EFP) of €343,346, which represented 10.27% of the
EFP.
3.5.  Drug survival
Over 50% of the patients in each treatment branch maintained their initial treatment at the end of 2 years
follow-up, (median exposure time for the three groups was 23.98 months). The discontinuation rates were
very similar: 21.8% (for infliximab), 20.5% (for etanercept) and 22.6% (for adalimumab), with no significant
differences among them (Chi-square test, p=0.974).
3.6 Multivariate analysis
The multivariate  analysis  of  patient  clinical  and demographic variables  identified sex  and ESR value as
factors predictive of remission. The rest of the potential variables considered were eliminated one by one
from the analysis. For the same ESR, the probability of achieving remission was 3.6 times lower in women
than in  men [OR:  0.28  (95% CI:  0.08-0.98)].  For  the  same sex,  the  probability  of  achieving  remission
decreased 5% for each unit increase in the ESR value [OR: 0.95 (95% CI: 0.92-0.99) (Hosmer-Lemeshow test,
p=0.477)]. 
3.7  Safety 
The safety analysis took account of both the 130 patients included in the study and the fact that 17 of the
28 patients who changed treatment changed to one of the three anti-TNF in the study:  4 changed to
infliximab, 10 to etanercept and 3 to adalimumab. This led us to modify the sample size for the descriptive
analysis  of safety,  incorporating those patients  who received another study anti-TNF as rescue therapy
during the first 2 years.
About half of the patients reported some adverse effect of treatment, a proportion that was higher in the
group that received etanercept, in which two-thirds of patients reported these effects. Of these, some 15%
in the infliximab arm, 24% in the etanercept arm and nearly 12% in the adalimumab arm had to suspend
treatment.  The  main  reasons for  suspension  were infusion reactions  and infections  (7  and  2  patients,
respectively)  in  the  case  of  infliximab,  and  cutaneous  reactions  and  infections  (8  and  2  patients,
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respectively), for etanercept. Four patients suspended adalimumab treatment, notably, one of them due to
development of multiple sclerosis.
Overall, the most frequently reported adverse effect was infection, especially respiratory infections. Also
commonly  reported  were  infusion  reactions  with  infliximab  and  cutaneous  reactions,  primarily  with
etanercept (Table 6).










Patients with any AE 86 (66.2%) 34 (57.6%) 35 (64.8%) 17 (50%)
AE leading to suspension 26 (17.68%) 9 (15.2%) 13 (24.07%) 4 (11.7%)
Infections 53 28 18 7
Cutaneous reactions 17 3 10 4
Infusion reactions 10 10
Cardiovascular events 7 3 3 1
Influenza-like illness 5 2 3 -
Abdominal pain 4 2 1 1
Dyspnea 1 - - 1
Tiredness 1 - 1 -
Anemia 1 - - 1
Lymphadenopathy 1 - - 1
Depressive syndrome 1 - 1 -
Nausea 1 - - 1
Neuropathy 1 1 - -
Pulmonary nodules 1 1 - -
Deep vein thrombosis 1 - 1 -
Hypertriglyceridemia 1 1 - -
Kidney failure 1 1 - -
Multiple sclerosis 1 - - 1
4.  Discussion 
Our study suggests that adalimumab is the most cost-effective anti-TNF drug at 2 years of treatment for
achieving CR and LDAS in patients with active RA despite combined treatment at the maximum possible
doses with methotrexate, sulfasalazine, leflunomide and corticosteroids. This result is the same both when
considering direct health costs and when considering only the official direct purchase price of the drug. The
analysis  of  the  components  of  cost-effectiveness  in  actual  clinical  practice  shows  differences  that  are
favorable in effectiveness for adalimumab, with no overall differences in cost.
This study sought to deepen our knowledge of the effectiveness and efficiency of infliximab, etanercept and
adalimumab in real-life clinical practice when used in RA patients who are naive to biological therapy. Its
design has both limitations and advantages. One limitation is that, since it was observational, it was an open
and non-randomized study. Despite the lack of randomization, however, it is important to note that each
patient always received the most appropriate treatment for his or her situation, which was decided in a
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joint session of the Rheumatology and Pharmacy Departments. If there was no patient characteristic that
conditioned or advised against a specific biological, the one with the lowest cost to the hospital at the time
was chosen. Another limitation is the small sample size, given that it  was conducted in a single center,
although proportionally  and compared with other similar studies,  the number of patients included per
center is not low.
One of the study strengths derives from the database, the CREATE registry, which systematically includes all
patients treated with biological therapy, with a prospective follow-up of all patients, in accordance with the
recommendations of the SER and EULAR, and with standardized data collection. Patients  are evaluated
monthly by a multidisciplinary team of health professionals comprising rheumatologists, a pharmacist, a
nurse and a statistician. Decisions on the initiation, maintenance or change of biological therapy are shared
by the whole team. All of this makes the study more rigorous and exhaustive. 
In this case, an observational design is recommended to advance our knowledge of actual cost-effectiveness
[27], in contrast to other health economics studies that use models with numerous assumptions or data
from clinical trials of highly selected patients. The cost data for the different health resources used were
provided by  the Pharmacy  Department,  and the statistical  analysis  was performed by an  independent
investigator, ensuring high-quality data collection and processing. 
Our results  contrast  with  those of  other  studies  in  Spain.  The PRAXIS  study,  conducted in  2007 in 41
hospitals in Spain, was also a retrospective observational study of cost-effectiveness [28]. Its objective was
to analyze the use of healthcare resources and their associated costs, from the hospital perspective, in RA
patients treated with etanercept,  infliximab and adalimumab. The study concluded that in most of the
scenarios analyzed, treatment of RA at 6 months with etanercept reduced the hospital costs as compared to
infliximab  and  adalimumab.  The  6-month  time  frame  is  an  important  limitation  of  the  study.  Other
observational  studies  [29-30]  conducted  in  Spain  more  recently  in  patients  treated  with  adalimumab,
etanercept or infliximab found similar effectiveness of the three drugs at 6 months, but with differences in
the mean cost (including only the direct cost of purchase), due primarily to the different doses used as
compared to conventional doses.
Our  study  differs  from  the  aforementioned  ones  in  several  important  aspects  that  could  explain  the
different results. First, the time frame was 2 years, which is more appropriate for treatment of a chronic
disease, as opposed to 6 or 12 months. Second, for patients in the CREATE registry there was no provision to
escalate the drug dose in cases of incomplete response (DAS28 > 3.2) [31]. Finally, the main objective of
treatment effectiveness was measured based on CR (DAS28<2.6) and not on LDAS (DAS28<3.2).
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The current strategy in RA management is to “treat to target” (T2T), exerting all possible efforts to achieve
CR [32-35].  On this basis, stringent treatment to achieve CR, or failing that, LDAS, allows better disease
control  over time, less joint damage, and dose optimization, making this  the most efficient strategy to
achieve a good health outcome.
In this regard, the results of the Dutch Rheumatoid Arthritis Monitoring (DREAM) registry recently showed
that the strategy of treating to the target of CR, as opposed to conventional care, became cost-effective
after 3 years [36]. The percentage of patients who achieved the target effectiveness in the T2T arm of the
DREAM registry was higher than in our study. In the CREATE registry, only patients treated with adalimumab
had results close to those reported in the Dutch study. However, patients in the CREATE registry had slightly
higher disease activity (baseline DAS28 5.71 ± 1.02 vs. 5.0 ± 1.1) and, since they had established RA, had
received intensive treatment  with combinations of  classical  DMARDs at  the maximum tolerated doses,
similar to patients in the Finnish cohort reported by Sokka et al. [37]. The results of the latter study support
the efficacy of treatment with combinations of DMARDs to  reach and maintain remission before using
biological therapy.
Our cost analysis was made from the perspective of the healthcare system, which includes the costs of all
healthcare resources involved in treating this disease. Nevertheless, some studies [38-44] have suggested
the societal  perspective  as  more appropriate  for  a  study of  RA costs.  We decided to  remain with  the
hospital perspective, however, for various reasons: 
- First, the current economic crisis has made it necessary to assign a target budget to be met by each
medical  department.  Accordingly,  the  proposed  study  objective  was  to  analyze  which  drug  was  most
efficient from the point of view of the payer – the hospital – which meant that indirect healthcare costs
were not taken into account.
-Second,  although an  analysis  from the  societal  perspective  may  be more  complete,  it  is  a  more
complex study that requires certain assumptions, since indirect and intangible costs are difficult to define
and quantify [27,45-47]. The results of such a study would be somewhat theoretical, involving a level of
uncertainty that would make them less valid and applicable; this is the exact opposite of the aim of our
study: to find the most efficient drug in actual clinical practice. In any case, pharmacoeconomic analyses
should always specify the study perspective and state the reasons why it was chosen in order to determine
if the results can be extrapolated [27].
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Finally, it is important to note that the cost-effectiveness results were calculated considering the EFP. The
discounts on the EFP obtained by each country and hospital may change this result, since the main cost
component is the purchase price of the drug. The arrival of biosimilars is key in this respect. The entry into
the market of biosimilar infliximab may reduce the direct cost of the drug, making it more cost-effective.
This could also indirectly affect the price of etanercept, adalimumab and other biological agents, which may
be lowered to remain competitive.  
5  Conclusions
Adalimumab was the most cost-effective drug in regular clinical practice for achieving both CR and LDAS in
patients included in the CREATE registry. The actual negotiated price of acquiring these drugs is a key factor
in the final analysis of cost-effectiveness.
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El segundo trabajo se publicó en la misma revista unos meses después. Se trata de una continuación del
estudio anterior.  
En este trabajo se incorporan a los pacientes  con AR que se trataron de inicio no sólo con infliximab,
etanercept o adalimumab, sino también con el resto de terapias biológicas. En esta ocasión, se trataba de
analizar el  coste efectividad de alcanzar remisión clínica.   La estrategia de tratar a los pacientes con el
objetivo de alcanzar remisión clínica se considera  las más eficaz y en un ensayo clínico demostraba resultar
coste-efectiva al cabo de tres años, en pacientes con AR tratados de forma precoz. 
Sin embargo no se conocen sus resultados en condiciones de práctica clínica habitual y con pacientes con
AR establecida. Este fue el objetivo de nuestro estudio.
Se estableció para ello nuevamente un horizonte temporal de dos años, y se empleó la perspectiva del
sistema sanitario, teniendo en cuenta de nuevo todos los costes directos sanitarios posibles.
Se incluyeron en total 144 pacientes, de los que aproximadamente un tercio consiguieron remisión clínica a
los dos años. El coste medio para alcanzarlo estaría en aproximadamente 80.000 euros. 
Teniendo en cuenta los dinteles de eficiencia publicados y aceptados en otros países, este resultado pone
en duda que la  estrategia  de tratar  a pacientes con AR establecida deba tener  el  objetivo de alcanzar
remisión clínica. 




To analyse the cost-effectiveness, in daily clinical practice, of the strategy of treating to the target of clinical
remission  (CR)  in  patients  with  established rheumatoid  arthritis  (RA),  after  2  years  of  treatment  with
biological therapy.
Method
Adult patients with established RA were treated with biological therapy and followed up for 2 years by a
multidisciplinary team responsible for their clinical management. Treatment effectiveness was evaluated by
the DAS28 score. The direct costs incurred during this period were quantified from the perspective of the
healthcare system. We calculated the cost-effectiveness of obtaining a DAS28<2.6, considered as CR.  
Results
The study included 144 RA patients treated with biological therapies. After 2 years of treatment, 32.6% of
patients achieved CR. The mean cost of achieving CR at 2 years was 79,681 ± 38,880 euros.
Conclusion
The strategy of treatment to the target of CR is considered the most effective, but in actual clinical practice
in patients with established RA, it has a high cost.
Key words:




Rheumatoid arthritis (RA) is a systemic autoimmune disease characterised by pain, chronic inflammation
and  joint  destruction.  In  most  cases,  the  progressive  course  of  the  disease  leads  to  irreversible  joint
damage, functional impairment, reduced quality of life, and premature mortality. RA is estimated to affect
1% of the adult population  [1-2].
The general  objective  of  RA treatment  consists  of  controlling  pain  and inflammation,  minimising  joint
damage and disability,  controlling extra-articular manifestations,  improving patients’  quality of life,  and
achieving disease remission, or at least sustained low clinical activity [3].
Nowadays a strong current of opinion advocates addressing RA management by a treatment strategy based
on “treat to target” (T2T), whose key points are establishment of concrete objectives, close patient follow-
up, monitoring of disease activity, and adjustment of treatment in accordance with established protocols
[4,5].
Clinical trials and observational studies have shown that this strategy is more efficacious  and effective than
standard treatment to reduce disease activity and to achieve the target of clinical remission (CR) [5-7]. This
strategy requires an additional investment of resources, but has been shown to be cost-effective beginning
in the third year,  as  compared to  maintaining a strategy of  standard treatment  and monitoring,  when
applied to patients with early RA [8]).
In patients with persistent established RA after treatment with at least two of the classic disease-modifying
antirheumatic drugs (DMARDs) and a DAS28 value >5.1, the use of biological therapy is recommended [9].
However, due to the lack of sufficient clinical evidence, no agreements have been reached on essential
points involved in T2T, such as intensive treatment with biological therapy or whether the objective should
be to reach CR [10].
The objective of this study is to analyse the clinical effectiveness and cost-effectiveness of the T2T strategy
in achieving CR in actual clinical practice in patients with established RA after 2 years of treatment with
biological therapy, a further analysis of the Create registry [11].
2 Methods
2.1 Patients
The data for this study were taken from the cohort of patients included in the Córdoba Rheumatoid Arthritis
Team (CREATE) registry [11], made up of patients diagnosed with established RA who began treatment with
biologicals in the Reina Sofía University Hospital between 1 January 2007 and 31 December 2012, who had
at least 2 years follow-up of their progress and no missing data.
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The CREATE registry is a prospective database that systematically includes each patient with inflammatory
rheumatoid disease who begins treatment with biological therapy. For each patient diagnosed with RA,
information is collected on demographics, disease characteristics, previous treatments used, their duration
and reason for suspension, current treatment and its duration, disease activity [number of tender joints
(NTJ), number of swollen joints (NSJ), erythrocyte sedimentation rate (ESR), C-reactive protein (PCR) and the
Disease Activity Score (DAS28)], patient data that could influence treatment, biological drug chosen, and
concomitant treatment. Each patient is followed up prospectively to monitor the clinical variables collected
and any adverse effects that may occur.
RA is diagnosed in accordance with the 1987/2010 ACR criteria, based on the medical history,  physical
examination, complementary tests, chest and joint radiography, and clinical assessment of disease activity
using the DAS28. 
All  the  patients  had  to  fulfil  the  requirements  of  the  treatment  protocol  developed  jointly  by  the
Departments of Clinical Rheumatology and Hospital Pharmacy and approved by Hospital Management. This
protocol is  based on the recommendations of the Spanish Society of Rheumatology (SER) [12] and the
European  League  against  Rheumatism  (EULAR)  [3],  and  approves  beginning  treatment  with  biological
therapy for patients with active RA (DAS28>5.1) despite at least 3 months treatment with at least two of the
following drugs at the maximum authorised doses: methotrexate, leflunomide or sulfasalazine.
2.2 Treatment decisions 
The treatment decisions for these patients followed a model of clinical management based on efficiency, in
which a multidisciplinary team of rheumatologists and clinical pharmacists share responsibilities related to
the objectives of health costs and outcomes. 
The multidisciplinary team meets monthly to review patients with established RA who are eligible to begin
treatment with biologicals, and to monitor those in active treatment. The choice of biological treatment is
based on patient characteristics and the evidence on the efficiency of each drug.
The  T2T  strategy  of  remission  (DAS28<2.6)  was  applied  to  all  patients.  This  involves  application  of
standardised treatment protocols to achieve this objective, and review and follow-up of all patients at least
every 2 months. 
2.3 Outcome variable
The outcomes of the T2T strategy were evaluated based on the DAS28 score [13]. In accordance with this
scale, treatment was considered to be effective if the patient achieved a DAS28 value of less than 2.6 and
maintained it by the end of 2 years.
2.4 Variables of resources used and costs 
For  the cost analysis  we considered the health system perspective,  taking into  account  the use of the
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following  direct  healthcare  resources:   cost  of  purchasing  the  drugs  [ex-factory  price  (EFP)],  specialist
consultations  in  Rheumatology  and  other  clinical  Services,  emergency  care,  complementary  tests
performed, need for hospitalisation, and use of the day hospital for intravenous drug administration.
Drug use was obtained from the databases of the Pharmacy Department. For drugs dosed based on weight
(infliximab,  abatacept  and  tocilizumab),  the  cost  was  adjusted  to  the  milligrams  actually  used  since
individual doses were prepared in the Pharmacy Department, making it possible to avoid drug wastage. The
remaining resources consumed were obtained from the database of the reports manager of the Reina Sofía
University Hospital.
The cost of each drug was obtained using the official EFP, and the cost of the rest of the resources used was
obtained from the price catalogue of the Economics Directorate of the Reina Sofía University Hospital (2014,
in euros).
2.5 Cost-effectiveness analysis
To calculate cost effectiveness,  the mean total  cost for  each patient  was divided by the percentage of
patients who achieved the outcome variable. The mean and standard deviation (SD) of this value were
calculated to show the mean cost per patient to achieve CR.
A descriptive analysis was performed by calculating the absolute and relative frequencies for the qualitative
variables, and the arithmetic mean and standard deviation for the quantitative variables.
2.6 Ethics
The study meets the standards of Good Clinical Practice, the principles of the Declaration of Helsinki and
Order  SAS  347/2009  of  December  16,  which  develops  guidelines  on  observational  post-authorization
studies for drugs used in humans in Spain. Patient data are coded to maintain anonymity in the study and to
prevent their identification by third parties. The study was approved by the Et*hical Committee of the Reina
Sofia University Hospital of Cordoba.
 
3 Results
During the study period, 144 patients met the inclusion criteria. Of these, 55 were treated with infliximab,
44 with etanercept, 31 with adalimumab, 4 with tocilizumab, 4 with golimumab, 3 with abatacept, 2 with
certolizumab, and 1 with rituximab. The baseline characteristics of the patients for the overall sample are
showed in table 1.
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DAS28 achieved and maintained at 2 years
DAS28 ≤2.6 DAS28>2.6 P
n (%) 144 (100%) 47 (32.6%) 97 (67.4%) ---
Sex (Female) 80.6% 70.2% 85.6%
73.2% (71/97)
0.085
RF + (%, n/N) 72.2% (104/144) 70.2% (33/47) 0.708
AntiCCP+ (%, n/N) 74.2% (72/97) 78.1% (25/32) 72.3% (47/65)) 0.538
Age (years)* 53.43 ± 13.32 50.43 ± 13.77 54.88 ± 12.93 0.186
Weight (Kg)* 75.85 ± 15.96 76.76 ± 15.96 75.39 ± 16.14 0.751
Age at diagnosis 
(years)*
44.21 ± 13.35 40.79 ± 13.03 45.87 ± 13.25 0.085
Time since diagnosis 
(years)*
9.21 ± 7.50 9.15 ± 7.60 9.24 ± 7.49 0.948
Initial DAS28* 5.69 ± 1.00 5.50 ± 1.03 5.79 ± 0.98 0.107
Initial NTJ28* 10.32 ± 6.35 10.23 ± 6.25 10.36 ± 6.42 0.911
Initial NSJ28* 7.08 ± 4.92 7.32 ± 4.93 6.96 ± 4.93 0.682
Initial ESR* 33.01 ± 17.78 26.87 ± 17.20 36.07 ± 17.35 0.085
Initial CRP* 19.42 ± 17.94 18.03 ± 19.30 20.12 ± 17.28 0.517
Initial PGA* 69.91 ± 16.73 68.85 ± 14.78 70.43 ± 17.68 0.598
*Data expressed as mean ± standard deviation 
Quantitative variables: Comparison of means by independent “t” Student test and Finner´s test ajusted p
Qualitative variables: Contingency table with significance according to Pearson’s Chi-square and Finner´s test ajusted p
RF+: Positive rheumatoid factor
AntiCCP+: Positive anti-cyclic citrullinated peptide antibody 
DAS28: Disease activity score on 28 joints
NTJ28: Number of tender joints on 28 joints
NSJ28: Number of swollen joints on 28 joints
ESR: Erythrocyte sedimentation rate
CRP: C-reactive protein
PGA: Patient Global Assesment
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3.1 Effectiveness
After completing 2 years of treatment, 47 patients (32.6%) achieved and maintained CR. No differences in
baseline characteristics were found between patients who did and did not achieve CR at 2 years. Mean±SD
DAS28 at  2 years  in  patients achieving CR was 2.10±0.43 (95% CI=0.40-2.60),  and was similar for  each
biological therapy used.
3.2 Use of resources and costs 
Table 2 presents the data on resources consumed and costs. The  second column contains the mean and
standard deviation of the units of resources consumed per patient at the end of the 2 years of follow-up
(mean number of consultations attended, mean number of laboratory tests performed, etc.).  The third
column shows the mean cost of each resource, considering the official EFP for the drugs and the hospital
price catalogue for the other resources. Finally, the last column reflects the percentage of the total cost
represented by each resource.




Cost of resources (euros)
mean ± SD) 
% of cost
(cumulative)
Drug cost, EFP - 21,682.65 ± 7,125.65 83.47%
Consultations
Rheumatology 13.31 ± 3.56 786.18 ± 194.03
Emergency 0.33 ± 0.65 41.36 ± 81.84
Total 13.64 ± 3.79 827.54 ± 231.44 3.19% (86.66%)
Complementary tests: 23.24 ± 10.39 962.01 ± 382.75 3.70% (90.36%)
Laboratory 13.78 ± 4.91 861.52 ± 307.16
CT 0.28 ± 0.86 17.11 ± 61.17
NMRI 0.19 ± 0.49 15.66 ± 40.69
Simple X-ray 8.76 ± 6.49 60.95 ± 45.20
USG 0.24 ± 0.51 6.77 ± 14.06
Days of hospitalisation 2.73 ± 18.39 1,720.85 ± 11,596.47 6.62% (96.98%)
Day hospital for drug 
administration 
6.90 ± 7.88 783.00 ± 866.62 3.02% (100%)
TOTAL - 25,976.05 ± 12,675.02 100%
SD: Standard deviation
EFP: Ex-factory price
CT: Computed tomography scan
NMRI: Nuclear magnetic resonance imaging
USG: Ultrasonography
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The mean cost of the direct healthcare resources at 2 years was € 25,976 (95% CI: 23,888-28,063). The main
cost component was the drug, at 83.47% of the total.
3.3 Cost-effectiveness
After 2 years of treatment, the cost effectiveness of each CR achieved and maintained in our study was €
79,681 ± 38,880. 
4  Discussion 
The current tendency in RA management to treat patients by objectives (T2T) and to expend all possible
efforts to achieve CR [4,10] may have a high cost, especially in patients with established AR when biologics
are needed to achieve it, though Radner et al. [14] found that patients with CR showed better function and
that, from a cost perspective, CR was also superior to achievement of low disease activity. 
The results of the CREATE registry suggest that, in actual clinical practice, the strategy of treating to the
target of CR is achieved in approximately one-third of patients with established RA after 2 years of biological
therapy, albeit at a high cost.
Our  study  has  limitations  and  advantages.  One  of  its  strengths  lies  in  the  registry  database,  which
systematically  includes  all  patients  treated  with  biological  therapy  (CREATE  registry),  with  prospective
follow-up of all these patients by a multidisciplinary team for decision making and following standardised
work protocols, in routine clinical practice conditions. These strengths support the rigor and exhaustiveness
of  the  results.  The  cost  data  for  the different  health  resources  used were  provided by  the Pharmacy
Department, and the statistical analysis was performed by an independent investigator, which ensures high-
quality data collection and processing.
The observational design is recommended to advance our knowledge of actual cost-effectiveness [15], in
contrast to other studies in health economics which use models with numerous assumptions or data from
clinical trials with highly selected patients. However it has the limitation of being open and non random,
although all patients received the best possible treatment according to the characteristics of each patient
and drug. In the absence of any limiting constraints (inability to attend the day hospital or to self-administer
treatment, compliance problems, presence of intestinal inflammatory disease, etc.), the drug with lowest
cost to the hospital as advised by the pharmacist  is used.
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The cost analysis was made from the perspective of the health system, which includes the costs of all the
health resources involved in this pathology, rather than from the societal perspective. This perspective was
chosen to reflect real data and to avoid having to make estimates based on assumptions, given that indirect
and intangible costs are difficult to quantify [15].
Our  results  are  in  line  with  other  studies:  Schoels  et  al.  [16]  found  that  most  studies  assessing  early
biologics reported cost effectiveness ratios of over $50,000. Van der Velde et al. [17] published a systematic
study which found that, in patients who had no response to treatment with methotrexate in combination
with leflunomide or sulfasalazine, the use of biologics was cost-effective in 14 out of 35 comparisons at a
willingness-to-pay threshold of Can $100,000 per quality-adjusted life year.
In any event, considering the real direct costs to the healthcare system, achieving CR involves a high cost in
established AR. Some options to optimize resources could be:
- Determination of the most efficient drug to achieve CR. Large observational studies or meta-analyses of
published studies of cost effectiveness in actual clinical practice are needed.
-Once CR has been maintained over time, other options could be considered for these patients, such as
reducing the dosage or therapeutic vacations [18].  This strategy has been shown to be efficient in the
PRESERVE study [19] and is the basis for the current recommendations to optimise biological therapy in RA
patients [20].
-  Participation  of  clinical  pharmacists  in  the treatment  decisions  can help to  improve the  efficiency  of
therapy.
5  Conclusions
The T2T strategy of CR is considered to be the most effective, but in daily clinical practice in patients with
established RA it has a high cost. The development of clinical management based on efficiency may make it
possible to optimise the most effective strategies so that they will also be the most efficient. 
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Finalmente, se presenta el tercero de los trabajos, aceptado para su publicación en la misma revista que los
anteriores.  Este  trabajo  explora  los  resultados   de  aplicar  una  estrategia  de  optimización  de  dosis  en
pacientes  con AR que están  en  remisión  clínica  de  forma estable  en el  tiempo.   Como los  anteriores,
persigue conocer los resultados en salud y el coste de las intervenciones llevadas a cabo en la práctica
clínica habitual, para emplear las más eficientes.
Se estudian los pacientes del registro CREATE que llevaban en remisión clínica al menos 6 meses a partir de
noviembre de 2013 y a los que se les optimiza la dosis de la terapia biológica que recibían entre un 20% y un
50% de la misma, según un protocolo de actuación previsto en función de la respuesta conseguida. El
objetivo del trabajo fue conocer la efectividad y la eficiencia de esta estrategia en el mundo real, así como
identificar posibles variables predictoras de respuesta.
Así, en total, 68 pacientes optimizaron su dosis. 28 de ellos mantenían la optimización y la remisión clínica a
los dos años, sin diferencias en cuanto al valor del DAS28. 
De los 40 pacientes que necesitaron volver a dosis estándar, la mayor parte de los mismos consiguieron de
nuevo la remisión clínica, o en su defecto una baja actividad de la enfermedad. Este hecho se refleja muy
bien en los valores medios del DAS28. El DAS28 inicial y el DAS28 al año de este subgrupo de pacientes sí
son diferentes, y sin embargo entre el basal y el de los dos años no hay diferencias.
El valor DAS28 inicial fue la única variable de las incluidas en el modelo construido que se asoció de forma
significativa con la posibilidad de mantener remisión y dosis optimizada.




The current strategy for managing rheumatoid arthritis (RA) focuses on achieving clinical remission. Once
remission is achieved and sustained over time, the most efficient strategy is dose optimization. This work
describes  the results  of  dose optimization  after  2  years  of  follow-up in  patients  with  RA treated with
biological therapy.
Methods
Cohort: Patients from the CREATE registry who, as of 1 November 2013, had been in clinical  remission
(DAS28≤2.6)  for  at  least  6  months.  Intervention:  Dose optimization  was 20-50% of  the standard  dose.
Outcome measurement  were effectiveness  (percentage of  patients  who continued to  meet  criteria  for
clinical remission) and efficiency (dose reduction and mean savings). 
Results
Sixty-eight patients with RA were optimized, with initial mean DAS28 of 2.2±0.7. After 2 years of follow-up,
the  mean  DAS28  was  2.4±0.7,  a  non-statistically  significant  difference.  Twenty-eight  patients  (41.2%)
continued in clinical remission with dose optimization after 2 years. Mean survival time was 14.2 months
(95% CI: 12.0-16.5). 
Of the 40 patients who needed to return to a standard dose, 57.5% managed to achieve remission again at
2 years. 
Dose optimization represented a mean savings at 2 years of €5,576 ± 5,099 per patient and a 21.17% mean
savings in pharmacological cost per patient.
Conclusions
In actual  clinical  practice, over 40% of patients  with established RA who had been in sustained clinical
remission managed to continue in remission 2 years after receiving optimized doses. The savings achieved











Biological therapy (BT) is the most important recent advance in the treatment of rheumatoid arthritis (RA)
and is helping to modify its prognosis. RA treatment aims to control pain and inflammation, reduce joint
damage  and  disability  to  the  extent  possible,  control  extra-articular  manifestations,  improve  patients’
quality of life,  and achieve disease remission,  or at  least sustained low disease activity [1,2].  The data
available from registries of treatment with biological drugs in RA show that clinical remission is achieved in
19-39% of patients [3,4].
Despite evidence of its efficacy and effectiveness, BT is costly and is not without risks and potential adverse
effects. These facts have led to questions about how to manage this type of treatment once the patient has
achieved sustained remission over time [5].
Data available from clinical trials and other studies have shown that discontinuing treatment in patients
with early RA results in relapse rates of 40-75% [6-12]. Alternatively, for patients with established RA, dose
reduction has been suggested as a potentially efficient management strategy [6,13-14]. 
In this regard, the Spanish Societies of Clinical  Rheumatology and Hospital Pharmacy have developed a
consensus document with recommendations for the management of patients in clinical remission [15]. This
document suggests that a 20-50% dose reduction is possible in patients with RA who reach and maintain
their therapeutic goal for more than 6 months. It also proposes strategies for managing relapses, all with
the objective of reducing variability in clinical practice.
The objective of this study was to evaluate the effectiveness and efficiency in routine clinical practice of
dose reduction in RA patients in sustained clinical remission. The secondary objectives were to identify
predictive variables of response to optimization. 
2  Methods 
2.1 Patients
The data  for  this  study were taken from the registry  of  the  Multidisciplinary  Team for  RA in Cordoba
(CREATE registry)  [16] and included patients diagnosed with RA according to 1987/2010 criteria of the
American College of Rheumatology. All patients were evaluated by conducting a clinical history, physical
examination,  complementary  laboratory  tests   (hemogram,  biochemistry,  presence  of  antibodies),  and
radiographs of the chest, hands and feet. Disease activity was assessed by the clinician using the Disease
Activity  Index  on  28  joints  (DAS28).  The  CREATE  Registry  is  a  database  which  systematically  and
prospectively includes all patients with inflammatory rheumatic disease who begin treatment with BT. All
patients  must  follow  the  Andalusian  Health  Service  treatment  protocol  for  BT,  based  on  the
recommendations  of  the  Spanish  Society  of  Rheumatology  [1]  and  the  European  League  Against
Rheumatism [2]. Patients beginning BT had to have active RA despite treatment for at least 3 months with
at  least  two  of  the  following  drugs  at  the  maximum  authorized  doses:  methotrexate,  leflunomide  or
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sulfasalazine. The initial BT is selected based on the characteristics of each patient and drug, as well as the
cost of each drug to the hospital. In the absence of any limiting constraints (inability to attend the day
hospital or to self-administer treatment, or presence of intestinal inflammatory disease for which biological
treatment with infliximab, adalimumab or golimumab is indicated), the lowest cost drug was used.
For each patient included, data are collected on demographics, disease characteristics, previous treatments
used, duration and reason for withdrawal, current treatment and its duration, disease activity [number of
tender joints (NTJ), number of swollen joints (NSJ), erythrocyte sedimentation rate (ESR) (mm/1h) and C-
reactive  protein  (CRP)  (mg/L)],  DAS28,  patient-related  information  that  could  condition  treatment,
biological drug chosen and concomitant treatment. Each patient included is followed prospectively, with
information on the evolution of the clinical variables registered at 6 months and then annually thereafter.
From this CREATE registry, we selected for the study the subpopulation of patients treated with any TNF
antagonist, tocilizumab and abatacept, who on 1 November 2013 had been in sustained clinical remission
(DAS28≤2.6)  for  at  least  6  months;  exceptionally,  patients  with  DAS28>2.6  were included if  they were
assessed by the physician as being in clinical remission and agreed to participate (this occurred in some
cases with DAS28>2.6 resulting from an elevated score on the visual analogue scale, ESR or CRP due to
diseases other than RA, but after sustained reduction of the number of painful and swollen joints to zero).
All patients were followed prospectively for 2 years. 
Decisions on treatment and dose reduction of BT were made by a multidisciplinary team comprised of
rheumatologists  and  clinical  pharmacists  in  a  tertiary  level  hospital.  This  involved  the  application  of
protocols and patient follow-up at least every 2 months. In accordance with the consensus of the Spanish
Societies of Rheumatology and Hospital Pharmacy, dose optimization refers to reduction of 20% to 50% of
the dosage by lengthening the interval between doses of BT. This criterion was applied in accordance with
the BT used and the response achieved (Table 1). Concomitant treatment was maintained.
Table 1: Dose optimization by drug 
Drug Standard dose Optimization 1 Optimization 2
Infliximab 3mg/kg/8 weeks 3mg/kg/9 weeks 3mg/kg/10weeks
Etanercept 50mg/7 days 50mg/10 days 50mg/14 days
Adalimumab 40mg/2 weeks 40mg/3 weeks 40mg/4 weeks
Golimumab 50mg/month 50mg/5 weeks 50mg/6 weeks
Tocilizumab 8mg/kg/4 weeks 4mg/kg/5 weeks 4mg/kg/6weeks
Abatacept
(Dosage by weight: 
500mg/750mg/1g)/4 weeks
(Dosage by weight: 
500mg/750mg/1g)/5 weeks
(Dosage by weight: 
500mg/750mg/1g)/6 weeks
Certolizumab Pegol 200mg/2 weeks 200mg/3 weeks 200mg/4 weeks
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If the DAS28 exceeded 2.6 during follow-up, and with the patients’ consent, they returned to the treatment
regimen that immediately preceded this change.
2.2 Effectiveness
The effectiveness of treatment in actual clinical practice was evaluated by the DAS28 [17]. A value lower
than 2.6 was considered clinical remission. We evaluated the outcome after 2 years of dose optimization,
taking into account the DAS28 after the first year and the percentage of patients who remained in clinical
remission. We also evaluated the time to relapse (failure of dose optimization).
2.3 Costs
The  cost  analysis  was  made  from  the  perspective  of  the  healthcare  system,  considering  the  cost  of
purchasing the drug, using the official ex-factory price (EFP).
Drug use was obtained from the databases of the Pharmacy Service. In the cases of infliximab, tocilizumab
and abatacept, which are dosed by weight, the cost was adjusted to the milligrams actually used since the
fact that they are prepared in the Pharmacy Service makes it possible to avoid drug wastage. 
2.4 Efficiency
To estimate the savings in doses, we quantified the total dose actually received per year and divided it by
the annual overall dose that would have been used according to the standard guidelines in the product
specifications.
Efficiency was estimated by considering the effectiveness (percentage of patients who remained in clinical
remission after the first year) and the cost savings based on the dose reduction achieved. 
2.5 Statistical analysis 
A descriptive study was conducted, calculating the mean and standard deviation for quantitative variables,
and absolute and relative frequencies for qualitative variables. An intention-to-treat analysis was made for
each treatment branch.
The bivariate analysis of quantitative variables was made using the one-way ANOVA test and mixed ANOVA.
Post hoc comparisons were conducted using the Hochberg or Games–Howell tests. We used the log-rank
test to compare the survival curves for the different drugs optimized.
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Different univariate logistic regression analyses were made considering as the main variable relapse after
one year of optimization (no/yes), and as potentially predictive variables: initial DAS28, anti tumour necrosis
factor (TNF) (no, yes), use of disease-modifying antirheumatic drugs (DMARDs) (no, yes), previous BT (no,
yes) and previous time in remission (<12 months, ≥12 months). The degree of association was estimated by
the odds ratio (OR) and Cornfield’s 95% confidence interval. 
We also conducted univariate Cox regression analyses  taking as the main variable the time to relapse
(months). The degree of association was estimated by the hazard ratio (HR) and Cornfield’s 95% confidence
interval. 
All  comparisons  were  two-sided  and  were  considered significant  for  values  of  p<0.05.  The  data  were
processed, tabulated and analysed using SPSS v17 software.
The study meets the requirements of the WHO Guidelines for Good Clinical Practice, the principles of the
Declaration  of  Helsinki,  and  SAS  Order  347/2009  of  16  December,  which  develops  guidelines  for
observational post-authorization studies for medicinal products for human use in Spain.
Patient data were coded to maintain their anonymity in the study and to protect their identity from third
parties. The study was approved by the Ethics Committee of the Reina Sofiá University Hospital of Córdoba.
3 Results
This observational prospective study included a total of 68 patients with RA who, on 1 November 2013, had
been in clinical remission for at least 6 months. The baseline characteristics of these patients are shown in
Table 2. Mean DAS28 of these patients at the beginning of optimization was 2.2 ± 0.7.   Prednisone daily
mean dose received was 5.56 ± 1.44mg.
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Table 2: Baseline patient characteristics (n=68)
Characteristics  N (%) or mean ± SD  
Sex (female) 56 (82.4)
RF + 43/62 (69,4)
Age at optimization (years) 57,04 ± 13,92
Weight (kg) 82,14 ± 19,68
Age at diagnosis (years) 43,54 ± 12,26
Time since diagnosis (years) 13,76 ± 8,20
Initial DAS28 2,23 ± 0,72
Initial NTJ 28 0,94± 1,40
Initial NSJ28 0,32± 0,85
Initial ESR (mm/1ªh) 14,91± 12,68
Initial CRP (mg/L) 4,00± 6,46
Initial PGA (cm)  35,91± 18,21
Mean time of BT treatment (years) 3,73± 2,75
Mean time of remission at baseline (months) 18,39 ± 18,75
Type of biological drug:
TNF antagonists n(%)
       Infliximab 10 (14,7)
       Etanercept 25 (36,8)
      Adalimumab 10 (14,7)
      Golimumab 3 (4,4)




     Methotrexate 26 (38,2)
     Leflunomide 25 (36.8)
     Corticosteroids 53 (77,9)
     Sulfasalazine 4 (5,9)
Number of previous biological treatments
       None 48 (70,6)
       One 12 (17,6)
       Two 4 (5,9)
       More than two 4 (5,9)
BT: Biological therapy; CRP: C-reactive protein; DAS: Disease activity index; ESR: Erythrocyte sedimentation rate;
NST: Number of swollen joints; NTJ: Number of tender joints; PGA: Patient Global assessment; RF: Rheumatoid
factor; TNF: Tumour necrosis factor
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3.1 Effectiveness
Considering all the patients included, two years after beginning dose optimization, no significant difference
was found between initial mean DAS28 (2.23 ± 0.72) and mean DAS28 at 2 years (2.43 ± 0.72). However, the
mean DAS28 after the first year was significantly higher than the baseline value (Table 3).
These results were similar for the subgroup of patients who relapsed and returned to standard dose. In this
subgroup of patients, the mean DAS28 after the first year was also  significantly higher than the baseline
value, even> 2.6 (2.80 ±0.13), though returned to 2.6 at the second year.
Nevertheless no significant differences between DAS28 at baseline and the score at the first or second year
were seen in the subgroup of patients who did not relapse.
Table 3. Effectiveness at 2 years according to DAS28












All optimized patients 
2.23±0.72 2.55±0.86 2.43±0.72
Initial vs. 1 year: -0.32±0.82
Initial vs. 2 years: -0.20±0.82







Initial vs. 1 year: -0.28±1.32
Initial vs. 2 years: -0.26±1.32









Initial vs. 1 year: -0.36±1.07
Initial vs. 2 years: -0.15±1.07




DAS: Disease activity index; SD: Standard deviation
Two years after beginning dose optimization, 28 patients (41.2%) continued with optimized doses. 
The mean survival time was 14.2 months (95% CI: 12.0-16.5) and median survival time was 14.3 months
(95% CI: 4.5-24.0)
As seen in Figure 1, no significant differences were seen among the survival curves for each drug [(Log Rank
test (Mantel-Cox), p=0.20].
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Fig. 1  Survival curves for each drug 
Of the 40 patients who needed to return to a standard dose before the second year, 23 of them (57.5%)
again reached remission, and 13 more achieved at least low disease activity. Thus, 36/40 of the patients,
(90%) achieved either remission or at least low disease activity after returning to a standard dose (Figure 2).
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3.2 Efficiency
Table 4 presents the variables for overall effectiveness and efficiency by optimized drug. Taking into account
that patients who failed BT returned to a standard dose, the overall mean dose reduction of BT at 2 years
and so, the mean savings obtained  was  21.17%. Mean savings per patient at 2 years was €5,576 ± 5,099.
Table 4: Comparison of effectiveness and efficiency outcomes
Total Infliximab Etanercept Adalimumab Tocilizumab Others*
N 68 10 25 10 12 11
N (%) patients 
optimized at 1 year 
39 (57.4) 7 (70) 11 (44) 6 (60) 9 (75) 6 (54.6)
N (%) patients 
optimized at 2 years
28 (41.2) 5 (50) 8 (32) 4 (40) 8 (66.7) 3 (27.3)


























































% savings on cost at 
2 years (mean±SD)
21.17±18.28 11.45±6.46 22.43±22.42 33.52±15.56 22.22±13.23 14.75±16.96
*Others: golimumab, abatacept and certolizumab
SD: Standard deviation
In comparing the results shown in Table 4, it can be observed that in the first year, the mean difference in
savings is statistically significant for adalimumab over infliximab (€3,577 ± 1,195; p=0.038). In the second
year , no differences were found among drugs. Overall at 2 years, significant differences were found again in
mean savings in favour of adalimumab over infliximab (€7,143 ± 2,134; p=0.014), with no differences seen
in the baseline clinical or demographic characteristics in these groups of drugs. 
Patients  were analysed in  two  groups  based on the type of  optimized drug:  antiTNF drug (infliximab,
etanercept,  adalimumab,  golimumab  and  certolizumab  pegol)  and  non-antiTNF  drug  (tocilizumab,
abatacept).  No statistically  significant  differences were found in the comparison of  either  the baseline
clinical-demographic characteristics or in the variables of effectiveness or efficiency described.
Lastly,  results of the logistic regression  shows that DAS28 was the only predictive factor of relapse at 2
years  (OR=  2.96;  IC95%=  1.34-6.52),  p=0,007.  Similar  results  were  obtained  from  the  univariate  Cox
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regression analyses, wich also shows that DAS28 as the only predictive factor of time to relapse at 2 years
(HR 2.03; IC95% 1.254-3.31), p=0,004.  It was not possible to adjust a significant univariate model in either
of the two types of analysis.
4  Discussion 
In this study of patients with established RA, we evaluated the effectiveness and efficiency of a strategy of
dose optimization, lengthening the interval between doses of BT in patients in clinical remission for at least
6 months. Different strategies have been considered for the management of these patients. In the case of
patients with established RA, data from published studies indicate that suspension of the biologic leads to
relapses in 50-90% within a year, therefore the option of reducing the dose or lengthening the interval
between doses may be more effective and efficient [18,19].
Our results suggest that remission can be maintained at 2 years with an optimized dose in 40% of patients.
Some 32.5% of those who go back to a standard dose achieve remission in 1 year. Another 50% of patients
do not achieve remission but do achieve at least low disease activity. 
These results are similar to those published by van Vollehoven et al. [20] in patients with established RA
treated with  etanercept.  In  that  study,  conducted in the framework of  a  clinical  trial  and after  having
achieved at least low disease activity, patients were randomized to maintain their dosage, reduce it by half
(optimized dose) or receive placebo, always in association with methotrexate. At week 48, 44% of patients
in the optimized dose arm had not failed optimization. In our work, the etanercept group showed a similar
result at one year, although our initial guideline for optimization was etanercept at 50mg/10 days, changing
to etanercept 50mg/2 weeks, depending on the outcome obtained. However, our results differ from the
optimization results in the DRESS study [21], in which both etanercept and adalimumab achieved better
outcomes at 18 months with dose optimization in a population apparently similar to those in the CREATE
registry. 
This study has several limitations. First, since it was observational, it  was an open and non-randomized
study.  Another limitation is that it was conducted in only one centre, thus the sample size was not large.
However, the fact that it was a single centre has some advantages, such as homogeneity in the application
of  the  protocols  established in  the  optimization strategy,  as  well  as  its  database,  the  CREATE registry.
Furthermore, an observational design is the type of study recommended to advance our knowledge of real-
life cost-effectiveness [22]. 
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The difference between the mean initial and final DAS28 in the total population was similar at  2 years,
between 1 and 2 years, as was also the case in the patient subgroups that did and did not relapse.
Nevertheless, there was a significant difference between the mean DAS28 at baseline and at 1 year in the
total population and in the subgroup of patients that relapsed, although it was not significant between
baseline and 2 years, nor between 1 and 2 years. This indicates that clinical improvement is achieved by
returning to  the standard dose,  and most patients regained clinical  remission or at  least  achieved low
disease activity in the period analysed  by returning to standard dose. These data confirm this strategy
would be a more suitable alternative than withdrawal the drug to manage patients in clinical remission with
established rheumatoid arthritis.  A longer follow-up period would make it  possible  to know how many
finally achieve clinical remission. 
With regard to efficiency, the response to optimization was not similar in all drugs. Quantitatively, and after
2 years, tocilizumab appears to be the most efficient means of optimization in actual clinical practice. The
number of patients treated with an optimized dose declined over time in all the drugs studied. The effect on
savings differed due to the various possible ways to correct optimized doses. 
In our case, the only significant difference for savings at 2 years was between adalimumab and infliximab.
Adalimumab was also shown to be the most effective and efficient in achieving clinical remission at 2 years
in another observational study of patients in the CREATE registry [23].
The only significant association in the statistical analysis was between the initial DAS28 value and relapse at
1 year. The results for the rest of the variables analysed did not reach statistical significance; for this reason,
whether  or  not  an antiTNF is  used does not  appear  to  be a  decisive  factor  in  achieving optimization.
However, the small sample size limits our ability to reach conclusions on this point. Likewise, no differences
were found when considering patients with 12 months previous remission, which would support current
recommendations [14] that 6 months is the minimum time needed to begin dose optimization.
5  Conclusions
Dose  optimization  of  BT  in  patients  with  established RA who  achieve clinical  remission  is  an  efficient
strategy in clinical practice, with clinical remission maintained in 40% of patients who received optimized
doses after 2 years. Most patients who need to return to a standard dose again achieve clinical remission or
at least low disease activity.  Initial DAS28 is associated with maintenance of the optimized dose over time. 
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Las principales conclusiones que se pueden extraer de este trabajo son las siguientes:
• En pacientes con artritis reumatoide establecida y en la práctica clínica real, la estrategia más efi-
ciente es la de tratar por el objetivo de alcanzar baja actividad de la enfermedad, y no la remisión
de la misma (conclusión extraída del segundo de los artículos presentados).
• El coste efectividad de los fármacos antiTNF-alfa está muy influenciado por el coste de adquisición
de cada uno de ellos, ya que supone más del 80% del total del coste y puede cambiar el resultado
del  coste-efectividad.  La  introducción  en  el  mercado de  los  biosimilares  puede  ser  clave en  la
elección del más eficiente (conclusión extraída del primero de los trabajos). 
• Se considera necesario disponer del coste actualizado de los fármacos antiTNF-alfa para recalcular
la  eficiencia  de  cada  uno  de  ellos.  La  participación  del  farmacéutico  dentro  del  equipo
multidisciplinar que debe tomar las decisiones farmacoterapéuticas es importante y se aconseja su
incorporación al mismo (conclusión extraída de los 3 trabajos).
• Es necesario profundizar en estrategias de eficiencia. En este sentido, la optimización de dosis de
terapia biológica en pacientes con AR establecida que alcanzan remisión clínica  es una estrategia
eficiente  en  la  práctica  clínica  real,  manteniendo  la  remisión  clínica  y  la   dosis  optimizada  de
fármaco un 40% de los pacientes tras dos años de seguimiento (extraído del tercer artículo).
• La  mayoría  de  los  pacientes  que  requieren  de  nuevo  la  administración  de  dosis  estándar  del
tratamiento  biológico  vuelven  a  alcanzar  remisión  clínica  o  al  menos  baja  actividad  de  la
enfermedad (extraído del tercer artículo).
• El valor del DAS28 antes de iniciar la optimización de la TB está inversamente relacionado con el
mantenimiento de la dosis optiizada de fármaco (extraído del tercer artículo).
• Esta estrategia supone una reducción media aproximada de un 21% del coste medio a dos años en








La artritis reumatoide (AR) es una enfermedad sistémica autoinmune caracterizada por dolor,  inflamación
crónica y destrucción articular. En la mayoría de los casos, el curso es progresivo y conduce a daño articular
irreversible, lo que tiene como consecuencia  un deterioro funcional, disminución de la calidad de vida y
una mortalidad prematura en los pacientes. El objetivo del tratamiento de la AR comprende controlar del
dolor y la inflamación, reducir al máximo el daño articular y la discapacidad, controlar las manifestaciones
extraarticulares, mejorar la calidad de vida de los pacientes y alcanzar la remisión de la enfermedad, o al
menos lograr una baja actividad clínica sostenida.
Sin embargo, en los últimos años el desarrollo de la terapia biológica (TB) ha supuesto un importante avan-
ce en el tratamiento de esta enfermedad, lo que está contribuyendo a modificar su pronóstico. 
Actualmente en España se disponen de 8 fármacos biológicos con distintos mecanismos de acción: inflixi-
mab, etanercept, adalimumab, golimumab y certolizumab pegol como bloqueantes del factor de necrosis
tumoral alfa (antiTNF), rituximab como antiCD20, abatacept a nivel del linfocito T y tocilizumab como an-
ti-interleukina 6. Todos estos fármacos han demostrado eficacia y un perfil de efectos adversos que obliga a
una estrecha monitorización, suponiendo un elevado impacto económico en el sistema sanitario. Sin em-
bargo, no se conoce qué fármaco de ellos es el más eficaz o efectivo ya que no existen estudios comparati-
vos directos entre ellos.
Por otra parte, existe una fuerte corriente que aboga por abordar el tratamiento de la AR mediante una es-
trategia de tratamiento basada en tratar por objetivos (treat to target, T2T). Esta estrategia supone una in-
versión adicional de recursos que ha resultado ser coste-eficaz en pacientes con AR precoz a los tres años.
En  pacientes con AR establecida y persistente tras el tratamiento con al menos dos fármacos modificadores
de la enfermedad clásicos (DMARDs) y un valor de DAS28>5.1,  se recomienda el uso de TB. Sin embargo,
debido a la ausencia de suficiente evidencia clínica, no se han establecido acuerdos para puntos esenciales
que implican al T2T, como son el tratamiento intensivo con TB o si el objetivo debe ser alcanzar remisión clí-
nica, baja actividad de la enfermedad o control de la enfermedad.
Por último, se conoce que la administración de TB no está exenta de riesgos y potenciales efectos adversos,
suponiendo además un elevado coste lo que ha llevado a cuestionar qué hacer con el mantenimiento de la
administración de la TB una vez el paciente ha conseguido entrar en remisión de forma sostenida en el
tiempo. En pacientes con AR establecida, se ha planteado una reducción de dosis como posible estrategia
eficiente de manejo disponiendo de documento de consenso entre sociedades científicas para llevarlo a
cabo, con estrategias de manejo en el caso de recaídas, todo ello con el objetivo de disminuir la variabilidad
clínica.
En resumen: en el actual contexto de crisis y ajuste presupuestario de recursos en sanidad, se necesita co-
nocer qué terapia y estrategias son más eficientes en la práctica clínica desde el punto de vista hospitalario,




El  objetivo  principal  fue  comparar  el  coste-efectividad de  los  fármacos   antiTNF-alfa  empleados  como
terapia biológica de inicio (infliximab, etanercept o adalimumab), con un horizonte temporal de dos años,
empleando la perspectiva del sistema sanitario.
Como objetivos secundarios, los siguientes:
-Analizar  la efectividad y el coste-efectividad en la práctica clínica real de la estrategia T2T para conseguir
remisión clínica en pacientes con AR establecida, tras dos años de tratamiento con TB. 
-Evaluar la efectividad y la eficiencia en la práctica clínica habitual de la reducción de dosis en pacientes con
AR en remisión clínica sostenida e identificar variables predictivas de respuesta a la optimización. 
MÉTODOS
Los  datos  de  este  estudio  proceden del  registro  del  Equipo Multidisciplinar  de Artritis  Reumatoide  de
Córdoba (CREATE  registry).  Este  registro  lo  componen  todos  los  pacientes  diagnosticados  de  AR  que
iniciaron TB como tratamiento en el Hospital Reina Sofía de Córdoba entre el 1 de enero de 2007 y el 31 de
diciembre de 2012 con un seguimiento de 2 años por paciente.
Todos los pacientes debían cumplir el protocolo de tratamiento de TB del Servicio Andaluz de Salud, basado
en las recomendaciones de la Sociedad Española de Reumatología (SER) y de la Liga Europea contra las
Enfermedades Reumatológicas (EULAR). Para iniciar TB, los pacientes debían presentar AR activa pese al
tratamiento durante un mínimo de 3 meses con al menos 2 de los siguientes fármacos a dosis máximas
autorizadas: metotrexato, leflunomida o sulfasalazina. La elección del tratamiento biológico de inicio tiene
en cuenta las características de los pacientes y de cada medicamento, así como el coste que supone cada
fármaco para el hospital. En caso de no haber ningún condicionante, se empleaba el de menor coste.
En una segunda fase, de este registro CREATE se seleccionaron para el estudio la subpoblación formada por
todos los pacientes que a 1 de noviembre de 2013 estaban en remisión clínica, con un tiempo de al menos 6
meses de remisión mantenida. Se siguió prospectivamente a todos los pacientes durante dos años. La toma
de decisiones sobre el tratamiento y la reducción de dosis se llevó a cabo por un equipo multidisciplinar.
Efectividad
La efectividad del tratamiento en la práctica real se evaluó a través del DAS28  . Un valor inferior a 2,6 se
consideró remisión clínica (CR), e inferior a 3,2 se consideró baja actividad de la enfermedad (LDAS). Se
determinó el porcentaje de pacientes que alcanzaron CR y LDA. 
Además del DAS28 se evaluaron sus componentes por separado: número de articulaciones dolorosas (NAD),
número  de  articulaciones  inflamadas  (NAI),  velocidad  de  sedimentación  glomerular  (VSG),  proteína  C
reactiva (PCR) y valoración global del paciente a través de una escala visual analógica.
Los pacientes se caracterizaron con los datos sociodemográficos de edad, sexo y fecha del diagnóstico de la
enfermedad  y  con  datos  clínicos  como  factor  reumatoide  (FR  +/-)  y  los  tratamientos  previos  y
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concomitantes  de fármacos  modificadores  de la  enfermedad.  Los  datos  demográficos  y  clínicos  de  los
pacientes se han obtenido de una base de datos del Servicio Andaluz de Salud. 
Análisis de recursos y coste.
Para el análisis del coste se consideró la perspectiva del sistema sanitario, por lo que se tuvo en cuenta el
consumo de los recursos sanitarios directos siguientes: coste de adquisición de fármacos (PVL), asistencia a
consultas de especialista  en Reumatología,  asistencia  a Urgencias,  pruebas complementarias realizadas,
necesidad  de  hospitalización  y  utilización  de  hospital  de  día  para  la  administración  de  fármacos
intravenosos.
RESULTADOS
144  pacientes  cumplieron los  criterios  de  inclusión  previstos.  55  pacientes  recibieron  tratamiento  con
infliximab, 44 con etanercept, 31 con adalimumab, 4 con tocilizumab, 4 con golimumab, 3 con abatacept, 2
con certolizumab y 1 con rituximab. 
En una comparación inicial entre adalimumab, etanercept e infliximab, adalimumab fue más efectivo que
etanercept para alcanzar remisión clínica al cabo de dos años,  sin diferencias con infliximab.  No hubo
diferencias entre infliximab y etanercept. 
El  porcentaje  de  pacientes  que  lograron  LDAS  a  los  dos  años  fue  superior  en  adalimumab  frente  a
infliximab, sin diferencias en el resto de las comparaciones posibles.
No se encontraron diferencias significativas en el coste total y en ninguno de sus componentes, salvo un
mayor coste medio en RMN en el grupo tratado con adalimumab y un mayor coste asociado al uso del
hospital de día para la administración de infliximab. El principal componente del coste viene dado por el
coste de adquisición de los fármacos, suponiendo una media de aproximadamente un 83% sobre el total.
El fármaco más eficiente para alcanzar la remisión clínica fue adalimumab, con diferencias estadísticamente
significativas sobre infliximab y etanercept. No hubo diferencias significativas entre infliximab y  etanercept. 
Cuando se consideró como resultado de efectividad conseguir un bajo nivel de actividad (DAS28 inferior a
3,2), los fármacos más eficientes fueron adalimumab y etanercept, sin diferencias entre ellos y superiores a
infliximab.
El coste medio de los recursos sanitarios directos que supuso alcanzar remisión clínica en los 144 pacientes
incluidos, estuvo en torno a los 80.000 euros, lo que está por encima de los límites aceptados en otros
estudios y países.
68 pacientes en remisión clínica sostenida optimizaron su dosis.Tras dos años del inicio de dosis optimizada,
28 pacientes (41,17%) continuaban con dosis optimizadas. 
El DAS28 medio a los dos años de inicio de la dosis optimizada fue de 2,43±0,72. La diferencia respecto al
DAS28 antes de iniciar la pauta optimizada fue 0,29±0,86, y no fue estadísticamente significativa (p=0,146).
Tampoco se encontraron diferencias  significativas en los valores medios del DAS28 al estratificar por la TB
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recibida.
De los 40 pacientes que necesitaron volver a dosis estándar antes de los dos años, 23 de ellos alcanzaron de
nuevo la remisión y 13 más alcanzaron al menos LDA. Por tanto 36/40 de los pacientes, es decir, el 90%
consiguió o bien remisión de le enfermedad  o al menos LDA al volver a dosis estándar.
La optimización de la dosis de la TB a los dos años reportó un ahorro medio de un 21,21% sobre el total de
coste directo sanitario.
CONCLUSIONES
• Adalimumab resultó ser  el fármaco más costo-efectivo en la práctica clínica real en los pacientes
incluidos en el CREATE registry, tanto para lograr remisión clínica como para alcanzar baja actividad
de  la  enfermedad.  No  obstante  el  coste  real  de  adquisición  de  los  fármacos  puede  resultar
determinante en el análisis final de coste-efectividad. 
• La estrategia T2T de remisión clínica es considerada la más efectiva,  pero no resulta coste-efectiva
en la práctica real en pacientes con AR establecida.
• Tras dos años de seguimiento, el  40% de los pacientes a los que se les optimizó la dosis de TB
mantuvieron la  remisión clínica.  Por tanto la optimización de dosis de TB en pacientes con AR
establecida que alcanzan RC es una estrategia eficiente en la práctica clínica real.
• La mayor parte  de los pacientes que requieren de nuevo la administración de dosis estándar de TB
vuelven a alcanzar remisión clínica o al menos baja actividad de la enfermedad. 
• El DAS28 antes de la optimización está asociado con el mantenimiento de la dosis optimizada en el
tiempo.
• Esta estrategia supone una reducción media aproximada de un 21% del coste medio a dos años en
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INTRODUCTION
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by pain, chronic inflammation,
and  joint  destruction.  In  most  cases  the  course  is  progressive  and  leads  to  irreversible  joint  damage,
resulting  in  functional  impairment,  reduced  quality  of  life  and  premature  mortality.  The  goal  of  RA
treatment is to control pain and inflammation, minimize joint damage and disability, control extra-articular
manifestations, improve patients’ quality of life, and achieve disease remission or at least sustained low
clinical activity.
Recently,  however,  the  development  of  biological  therapy  (BT)  has  been an  important  advance  in  the
treatment of this disease, which is helping to change its prognosis. 
Eight biological  drugs,  with different mechanisms of action, are currently available in Spain:  infliximab,
etanercept, adalimumab, golimumab and certolizumab pegol, which are blockers of tumor necrosis factor
alpha  (anti-TNF);  rituximab,  an  anti-CD20  monoclonal  antibody;  abatacept,  a  T-cell  co-stimulation
modulator; and tocilizumab, an interleukin-6 receptor inhibitor. All these drugs have proven efficacy, as well
as an adverse effect profile that requires they be closely monitored, resulting in a major economic impact
on the healthcare system.
However there is no evidence on the most efficacious or effective drug given the lack of direct comparative
studies among them.
Nowadays a strong current of opinion advocates addressing RA management by a treatment strategy based
on “treat to target” (T2T). This strategy requires an additional investment of resources, but has been shown
to  be  cost-effective  beginning  in  the  third  year,  as  compared  to  maintaining  a  strategy  of  standard
treatment and monitoring, when applied to patients with early RA. In patients with persistent established
RA after treatment with at least two of the classic disease-modifying antirheumatic drugs (DMARDs) and a
DAS28 value >5.1, the use of biological therapy is recommended. However, due to the lack of sufficient
clinical evidence, no agreements have been reached on essential points involved in T2T, such as intensive
treatment with biological therapy or whether the objective should be to reach clinical remission (CR), low
disease activity (LDA) or disease control.
Finally, BT administration is costly and is not without risks and potential adverse effects. These facts have
led to questions about how to manage the maintenance of this type of treatment once the patient has
achieved sustained remission over time. In patients with established RA, dose reduction has been suggested
as a potentially efficient management strategy,  having available a consensus document of scientist societies
to  do  it,  with  strategies  for  managing  relapses,  all  with the  objective  of  reducing  variability  in  clinical
practice.
In summary, given the current economic crisis and the need to adjust healthcare budgets, it is desirable to
know which therapy and strategy is the most efficient in clinical practice from the hospital point of view, in
order to implement measures to achieve the best possible and efficient health outcomes.
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OBJECTIVES
The main objective of this study was to compare the cost-effectiveness of the different antiTNF-alfa used ias
initial BT  (infliximab, etanercept or adalimumab) with a time frame of two years, and using the healthcare
system perspective.
As secondary objectives:
- To analyse the clinical effectiveness and cost-effectiveness of the T2T strategy in achieving CR in actual
clinical practice in patients with established RA after 2 years of treatment with BT
- To evaluate the effectiveness and efficiency in routine clinical practice of dose reduction in RA patients in
sustained clinical remission and to identify predictive variables of response to optimization.
METHODS
The data for this study were taken from the registry of the multidisciplinary Team for Rheumatoid Arthritis
in the Reina Sofia University Hospital, Córdoba, Spain (CREATE Registry). The CREATE registry  includes each
patient diagnosed with RA, who began biological treatment in our hospital between January 1, 2007 and
December 31, 2012, with 2 years’ follow-up per patient.
All patients had to follow the Andalusian Health Service treatment protocol for BT, based on the Spanish
Society  of  Rheumatology  (SER)  and  the  European  League  Against  Rheumatic  Diseases  (EULAR)
recommendations. To begin BT, patients had to have active RA despite treatment for at least 3 months with
at  least  two  of  the  following  drugs  at  the  maximum  authorized  doses:  methotrexate,  leflunomide  or
sulfasalazine. The initial biological treatment is selected based on the characteristics of each patient and
drug, as well as the cost of each drug to the hospital. In the absence of any limiting constraints, the lowest
cost drug was used.
In a second phase, from this registry, we selected for the study the subpopulation of all patients who on 1
November 2013 had been in sustained clinical remission (DAS28≤2.6) for at least 6 months. All patients
were followed prospectively for 2 years. Decisions on treatment and dose reduction of BT were made by a
multidisciplinary team.
 Effectiveness.
The effectiveness of treatment in actual practice was evaluated by the DAS28. A value lower than 2.6 was
considered clinical remission (CR), and less than 3.2 was considered a low disease activity state (LDAS). The
percentage of patients who achieved CR and LDAS was determined.
In addition to the DAS28, we evaluated its components separately: number of tender joints (NTJ), number
of swollen joints (NSJ), erythrocyte sedimentation rate (ESR), C-reactive protein (PCR), and patient global
assessment (PGA) on a visual analog scale.
95
Data were collected on patients’ sociodemographic characteristics (age and sex), date of disease diagnosis,
and clinical data including rheumatoid factor (RF+/-) and previous and concomitant treatments with disease
modifying antirheumatic drugs (DMARDs). The demographic and clinical data on patients were obtained
mainly from the CREATE registry and also from the database of the Andalusian Health Service.
Analysis of Resources and Costs.
The cost analysis was made from the perspective of the healthcare system, taking into consideration use of
the following direct health resources: cost of purchasing the drug [ex-factory price (EFP)], consultations with
specialists  in  rheumatology,  use  of  emergency  services,  complementary  tests  performed,  need  for
hospitalization, and use of the day hospital for intravenous drug administration
RESULTS
During the study period, 144 patients met the inclusion criteria. Of these, 55 were treated with infliximab,
44 with etanercept, 31 with adalimumab, 4 with tocilizumab, 4 with golimumab, 3 with abatacept, 2 with
certolizumab, and 1 with rituximab. In an initial comparison among adalimumab, etanercept and infliximab,
adalimumab was more effective than etanercept in attaining CR after 2 years, but was not significantly
different from infliximab. There were no differences between infliximab and etanercept. 
The  percentage  of  patients  who  achieved  LDAS  at  2  years  was  higher  with  adalimumab  than  with
-infliximab, with no differences for the rest of the possible comparisons. 
No significant differences were found in the total cost or in any cost components, except for a higher mean
cost of MRI in patients treated with adalimumab and of the day hospital for administration of infliximab.
The main cost component comes from the cost of purchasing the drugs, which averaged about 83% of the
total cost.
The most efficient drug in achieving CR was adalimumab, which was significantly superior to both infliximab
and etanercept. No significant differences were found between infliximab and etanercept.
When LDAS was considered as the effectiveness outcome, the most efficient drugs were adalimumab and
etanercept, both of which were superior to infliximab, but not significantly different from each other.
The mean cost of the direct healthcare resources at 2 years to achieve a clinical remission was about €
80,000, above the accepted threshold in other studies and countries.
A total  of 68 patients in  clinical  remission for at  least  6 months optimized their  dose. Two years  after
beginning dose optimization, 28 patients (41.2%) continued with optimized doses. 
Mean DAS28  after two years  since optimization dose was 2.43 ± 0.72. Difference respect to DAS28 score
before starting optimization was of 0.3 ± 0.9, wich was not significant  (p=0.146). No significant differences
were found among  mean DAS28 score after stratification by BT received.
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Of the 40 patients who needed to return to a standard dose before the second year, 23 of them again
reached remission, and 13 more achieved at least low disease activity. Thus, 36/40 of the patients, (90%)
achieved either remission or at least low disease activity after returning to a standard dose.
Efficiency by optimized BT dose at 2 years saved a 21.21% of the total direct health cost.
CONCLUSIONS
• Adalimumab was the most cost-effective drug in regular clinical practice for achieving both CR and
LDAS in patients included in the CREATE registry. The actual negotiated price of acquiring these
drugs is a key factor in the final analysis of cost-effectiveness.
• The T2T strategy of CR is considered to be the most effective, but in daily clinical practice in patients
with established RA it is not cost-effective.
• After  two years of follow-up, 40%  of patients who received optimized doses maintained clinical
remission. So dose optimization of BT in patients with established RA who achieve clinical remission
is an efficient strategy in real-world clinical practice.
• Most patients who need to return to a standard dose again achieve clinical remission or at least low
disease activity.
• DAS28 score before optimization dose, is associated with maintenance of the optimized dose over
time.
































Las 3 publicaciones se han llevado a cabo en la revista Rheumatology International. Pertenece al tercer
cuartil de las revistas de reumatología. Su factor de impacto es 1,824.
Tras la aceptación del primer artículo, y dada la continuidad de resultados de nuestro estudio y del registro
de pacientes, se optó por enviar los otros dos artículos a la misma revista.
El primero de los artículos posee tres citas.
El segundo de los artículos posee otras dos citas y fue calificado como de clínicamente relevante por los
revisores asignados al mismo.
El tercer artículo acaba de ser publicado on line. 
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